The corner mirror 118 is provided with a uniaxial shder 121 and drastically changes 
the optical path length by altering the distance between the colUmator lens 131, lens 
132 and the corner mirror 118. 
[0088] 

Light entering the lens 132 enters the single mode fiber 113, and the light emitted by 
the single mode fiber 1337 enters the grating 123 via the lens 134. The light divided 
by the grating 123 enters the galvanometer mirror 125 via the lens 124, The light 
reflected on the galvanometer mirror 125 passes along the opposite optical path and 
enters the second single mode fiber 115. 

The optical delay time may be altered by scanning the galvanometer mirror 125. 

Other structure is the same as that of the first embodiment. 

[0089] 

Fig. 12 (A) shows the image obtained by the optical imaging apparatus in accordance 
with this embodiment. 

The annular reflected image 123 on the periphery of the sheath and the image 124 of 
j the living tissue are obtained, centering around the center 122 of the monitored image 
121. The monitor center 122 corresponds to the rotation center of the optical probe 8. 
[0090] 

Fig. 12 (B) shows the image with the monitor center 122 misaligned with the rotation 
center of the optical probe 8. 

This situation occurs when the assumed optical path length between the fourth single 

mode fiber 10 and the lens unit 39 differs from the actual length. 

[0091] 

The diameter of the reflected image 123 on the periphery of the sheath increases, and 
the image 124 of the living tissue also expands, thus hindering accurate diagnosis. 
Precise optical path length should be calculated. 
[0092] 

Figs. 13 through 16 shows a method for calculating precise optical path length. 
Signals as shown in Fig. 13 may be obtained by obtaining reflection intensity while 
changing the optical path length with the optical path length changing means shown in 
Figs. 9 and 10. The axis of abscissas represents the optical path length (distance), 
while the axis of ordinates represents the reflection intensity. 

Reference numeral 127 is the reflection peak corresponding to the fiber end, 128 is the 
incident end of the GRIN lens 53, 129 is the incident end of the Faraday rotator 52, 130 
is the incident end of the prism 51, 131 is the sheath inner surface, 132 is the sheath 
outer surface, and 133 is the reflection on the living tissue under measurement. The 
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interval between the reflection peaks corresponds to the optical path length of the 

respective optical elements. 

[0093] 

Fig. 4 shows a method for determining the position of the optical path length serving as 
the center of the image. 

At the step SI, the peak of the reflection intensity and the outgoing end position of the 
prism are detected. 

At the next step S2, pattern matching is conducted for the optical path length at the 

incident and outgoing faces of the prism and the GRIN lens. 

[0094] 

At the next step S3, coinciding position is detected to determine the position of the 
outgoing end of the prism. 

At the next step S4, the position of the optical path length serving as the center of the 
image is determined. 

Figs. 15 and 16 show another method for determining the position of the optical path 

length to be the center of the image. 

[0095] 

The caUbration jig 143 is placed at the tip end of the optical probe 8 as shown in Fig. 15. 
A coating film 144 having high reflectance is formed on the inner surface of the 
calibration jig 143. 
[0096] 

As shown in Fig. 16, at the first step S5, the peak of the reflection intensity and the 
optical path length corresponding to the peak are detected as in the step Si of Fig. 14. 
At the next step S7, the reflection peak with the maximum intensity is identified as 
reflection firom the calibration jig 143. 
[0097] 

At the next step S8, the peak just before said peak is identified as reflection fi-om the 
sheath surface. 

At the next step S9, the position of the optical path length serving as the center of the 

image is determined based on the external diameter of the sheath. 

Fig, 17 shows the optical scanning probe 148 conducting horizontal scanning. 

The flexible shaft 40, GRIN lens 53, prism 51, and single mode fiber 10 are joined by 

the retainer member 151. The observation beam 62 and focus 63 are scanned in the 

right and left directions g by scanning the flexible shaft 40 in the right and left 

directions f, thus obtaining image in horizontal scanning. 

[0098] 
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Fig. 18 shows the monitored image 152 obtained with the probe of Fig. 17. The 
monitored image 152 contains the sheath periphery image 123 and the living tissue 
image 124. The distance h between the upper side of the monitor and the sheath 
periphery image 123 may be calculated in the similar method shown in Figs. 15 and 16 
to obtain the optical path length. 
[0099] 

Fig. 19 shows the optical scanning probe 158 conducting front side scanning. 

The optical scanning probe 158 has a single mode fiber 10 disposed in the sheath or the 

lens frame 161 and emits light via the objective lens 162 attached at the tip-end 

opening of the lens frame 161 facing the tip end surface. 

[0100] 

A piezoelectric element 164, for example, may be attached pn the tip end 163 of the 
single mode fiber 10, and the tip end 163 is scanned in the vertical direction j as shown 
in Fig. 19 by applying drive signals for changing the signal level via a signal line (not 
shown) to the electrode of the piezoelectric element 164. 

[0101] 

The observation beam vertically scans the hving tissue 11 by scanning the tip end 163 
of the single mode fiber 10 using the piezoelectric element 164, thus obtaining image of 
the hving tissue 11. 
[0102] 

Fig. 20 shows the image obtained with the optical scanning probe 158 of Fig. 19. The 
sheath periphery image 165 and the image 124 of the hving tissue 11 are obtained as 
the monitored image 52. The distance m between the upper side of the monitor and 
the sheath periphery image 165 may be calculated in the similar method shown in Figs. 
14 and 16 to obtain the optical path length, 
[0103] 

(Fourth embodiment) 

The fourth embodiment in accordance with the present invention is now described 
below. Figs. 21 and 22 relate to the fourth embodiment of the present invention. Fig, 
21 is an explanatory illustration showing the schematic construction of the optical 
tomography apparatus. Fig. 22 is a structural illustration showing the detailed 
structure at the tip end of the insertion unit of the optical scanning probe for optical 
tomography apparatus. 
[0104] 

As shown in Fig. 21, the optical tomography apparatus IB of this embodiment 
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comprises a laser source 171 facing the outgoing end of the second single mode fiber 5 of 
Fig. 1 for supplying laser beam as a guide light of visible wavelength, and a dichroic 
mirror 172 for permeating said laser beam, wherein low-coherent light emitted from 
the outgoing end of the second single mode fiber 5 is reflected by the dichroic mirror 
172 and received by a photo diode 12 as an optical detector. 

Other structure is same as in the first embodiment shown in Fig. 1, and the description 

is herein omitted. 

[0105] 

The optical scanning probe 8 in accordance with this embodiment is shown in Fig. 22 
(A). The optical sheath 38 comprises a cylindrical tube 181 and an end cap 182 
attached at the tip end of the cylindrical tube 181, and a converging optical system is 
accommodated at the tip end side in the sheath 38. 
[0106] 

In other words, as shown in Fig. 22, the optical scanning probe is structured to have a 
second single mode fiber 10 for guiding low-coherent Ught and guide light to the tip end 
of the optical scanning probe 8 and returning the reflection light fi:om the object, a 
GRIN lens 53 for conversing light comprising low-coherent light and g\iide light 
emitted firom the tip end of the second single mode fiber 10 to the specified position, a 
rectangular dichroic mirror 184 for permeating low-coherent light and selectively 
reflecting the Ught of wavelength of guide Ught, a Faraday rotator 52 for rotating the 
plane of polarization of the low-coherent light, a micro prism 51 for changing the optical 
path of the low-coherent light by reflection, and a fixing member 185 for optical system 
for monolithically fixing the GRIN lens 53, dichroic mirror 184, Faraday rotator 52, 
and micro prism 51* 
[0107] 

The fixing member 185 for optical, system is of cylindrical shape with an opening for 
conforming to the reflection surface of the guide light on the dichroic mirror 184 and 
does not interrupt the optical path of the guide light. The GRIN lens 53, second single 
mode fiber 10, and flexible shaft 40, in which the single mode fiber 10 is inserted, for 
transmitting rotation force are fixed to the tip -end fixing member 186 for fixing the 
GRIN lens with its tip end. 
[0108] 

The action of this embodiment is now described below. 

The illumination light from the endoscope light source is guided with the light guide of 
the endoscope and illuminates the object side through the illumination window 
provided at the tip end of the insertion unit. The illuminated object is formed as an 
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image at the solid-state image device by the objective optical system of the observation 
window, processed by the video processor, and then displayed as an endoscopic image 
on the display monitor. 
[0109] 

When displaying tomographic images with low-coherent hght, the user monitors the 
endoscopic images, inserts the optical scanning probe 8 through the forceps opening of 
the endoscope, and projects the tip end of the optical scanning probe 8 from the opening 
at the tip end of the endoscope. 
[0110] 

The low-coherent light from the low-coherent Ught source 2 is guided to the first single 
mode fiber 3. The first single mode fiber 3, connected via the optical rotary joint 6 to 
the second single mode fiber 7, guides the low-coherent light to the tip end of the optical 
scanning probe 8. 
[0111] 

An end of the second single mode fiber 5 is disposed to receive guide hght from the laser 
source 171, which emits Hght at specified wavelength within the visible light range via 
the dichroic mirror 172. Therefore, the guide Ught passes through the dichroic mirror 
172 and enters the one end of the second single mode fiber 5. 

Since the second single mode fiber 5 is optically connected with the first single mode 
fiber 3 by the optical coupler 4, the fourth single mode fiber 10 inserted through the 
optical scanning probe 8 guides the guide hght synthesized with the low-coherent light 
as well as the low-coherent light itself, 
[0112] 

The low-coherent Ught and the guide Ught, guided by the fourth single mode fiber 10, 
are emitted to the side of the opposite GRIN lens 53 as shown in Fig. 22 (A) and 
converged by the GRIN lens 53. The guide Ught entering the rectangular dichroic 
mirror 184 fixed on the tip end of the GRIN lens 53 is emitted from the dielectric 
multi-layer surface formed to reflect the wavelength range of the guide Ught in the 
dichroic mirror 184 with the direction altered by right angle and irradiated on the 
object. 
[0113] 

Similarly, the low-coherent Ught entering the dichroic mirror 184 permeates it and 
enters the Faraday rotator 52. The low-coherent Ught permeating the Faraday rotator 
52 enters the micro prism 51 fixed at the tip end of the Faraday rotator 52 with its 
plane of polarization turned by 45 degrees, is totaUy reflected on the diagonal face of 
the micro prism 51 to change its direction by 90 degrees, and is emitted in the same 
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direction as the dichroic mirror 184. The low-coherent hght from the micro prism 51 is 

irradiated on the object. 

[0114] 

After the low-coherent light and guide light irradiated on the object are reflected on the 
surface of the object and the internal tissues in the vicinity of the surface with different 
optical properties and scattered within the tissues, a part thereof is fed via an optical 
path opposite to that in irradiation to the tip-end surface of the fourth single mode fiber 
10 and to the rear-end side. 
[0115] 

The light is fed via the optical rotary joint 6 to the tip-end surface of the first single 

mode fiber 3, and a part thereof is branched to the second single mode fiber 5 by the 

optical coupler 4 located in the middle of the first single mode fiber 3, 

The reflection light of the low-coherent Ught is mixed with the light reflected on the 

galvanometer mirror 19. 

[0116] 

The Hght fi:om the rear end of the second single mode fiber 5 only permeates the guide 
light with the dichroic mirror 172 and reflects other light components to feed them to 
the optical detector 12*. 

The light entering the optical detector 12' is photoelectrically converted to electric 
signals. Only the coherent light element of the electric signals is extracted, detected, 
converted to digital signals, and entered to the computer 25. 
[0117] 

The computer 25 obtains tomographic image data in the depth direction of the object by 
altering the optical path length with the variable mechanism 14 for the optical path 
length, and also obtains tomographic image data for a frame by controlling the rotation 
drive unit 13 to rotate a motor (not shown) provided in the optical rotary joint 6 at 
constant speed. 
[0118] 

The computer 25 stores sequentially-obtained tomographic image data in its internal 
image memory to read out the data at specified cycle and display the tomographic 
image on the monitor 26. 
[0119] 

The operator judges the position of the tomographic image under observation based on 
the irradiation position of the guide light appearing on the endoscopic image and moves 
the optical scanning probe 8 to the desired position to obtain tomographic images as 
required. 
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[0120] 

Although the guide hght and the irradiation position of the low-coherent light on the 
object slightly differ, the difference is in the order of several millimeters and has no 
influence on positioning of the optical scanning probe 8. 

As shown in Fig. 22 (B), the guide light may be adjusted to the irradiation position of 
the low-coherent Ught by altering the angle of the dielectric multi-layer surface from 45 
degrees and employing a rectangular dichroic mirror 186 with the reflection angle of 
over 90 degrees. 
[0121] 

Although this embodiment employs rectangular dichroic mirrors 184 and 186, the 

shape of the dichroic mirrors 184 and 186 are not limited to rectangle. 

[0122] 

Thus, since in this embodiment, the guide Ught alone is reflected on the object before 

the guide light enters the Faraday rotator 52, and the guide light may be irradiated on 

the object, the user obtains required tomographic images by scanning the optical 

scanning probe 8 at desired position while observing the endoscopic images. 

It should be noted that any embodiment constructed by combination of parts of the 

hereinbefore mentioned embodiments is covered by the present invention, 

[0123] 

[Appendix] 

1. An optical scanning probe unit for optical imaging instruments, which forms 
tomographic images of an object by irradiating low-coherent light on the object and 
collecting data of Ught scattered from the object comprising: 

a sheath comprising a resin tube having flexibility throughout most of the length and 
having its tip end formed of material with high Ught permeabiUty, and 
optical emitter and receiver provided inside said tip end formed of material with high 
light permeabiUty for emitting the Ught toward the sheath inside, irradiating the 
permeated Ught on the object located outside the sheath, and receiving the Ught 
reflected, scattered, or excited from the object via the sheath, 

wherein at least the part provided with said optical emitter and receiver on the sheath 

is replaceable. 

[0124] 

1-1. In Appendix 1, the tip end of the sheath is closed, 

1-2. In Appendix 1, the optical scanning probe unit is insertable through the forceps 
channel of the endoscope. 

1-3. In Appendix 1, an elastic water-tight seal is provided at the joint with the sheath 
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and the optical probe unit body. 
[0125] 

(Object of Appendix 1) To provide means for materializing observation using the same 
probe even when the inner surface of the outer sheath is damaged. 

(Object of Appendix 1-3) To prevent hquid from entering from outside and from leaking 
to outside even after sheath replacement. 

(Action of Appendix 1) When the inner surface of the outer sheath is damaged, the 
sheath alone may be replaced to continue the observation by making at least the 
irradiation and observation light permeable part of the outer sheath replaceable. 
(Action of Appendix 1-3) A water-tight seal is provided at attachment/detachment part 
of the sheath to prevent liquid from entering from outside and from leaking to outside, 
[0126] 

2. An optical scanning probe unit for optical imaging instruments, which forms 
tomographic images of an object by irradiating low-coherent Ught on the object and 
collecting data of light scattered from the object comprising: 

a sheath comprising a resin tube having flexibility throughout most of the length and 
having its tip end formed of material with high light permeability, 

optical emitter and receiver provided inside said tip end formed of material with high 
light permeability for emitting the light toward the sheath inside, irradiating the 
permeated light on the object located outside the sheath, and receiving the light 
reflected, scattered, or excited from the object via the sheath, 

a flexible pipe member inserted generally throughout the length of the sheath inside, 
and 

a retaining member for said emitter and receiver attached at the tip end side of the 
flexible pipe member, 

wherein said retaining member possesses a bending surface part at the corner coming 

in contact with the sheath inner surface. 

[0127] 

2-1. In Appendix 2, said bending surface part is a protective cap having generally 

spherical tip end for covering the emitter and receiver. 

[0128] 

2-1-1. In Appendix 2-1, the protective cap is provided with an optical window for 

emitting and receiving light. 

[0129] 

2-1-1-1. In Appendix 2-1, the protective cap is provided with a hole for allowing the 
liquid sealed within the sheath to pass through. 
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[0130] 

2-2. In Appendix 2, abrasion resistant coating is provided at least the detection light 

permeable part either on inside or outside of the sheath. 

[0131] 

2-2-1, In Appendix 2-2, the coating is made of thin-film ceramics. 
[0132] 

2-2-1-1. In Appendix 2-2, the coating is made of titanium nitride. 

2-3. In Appendix 2, reflection reduction coating is provided at least the detection light 

permeable part either on inside or outside of the sheath, 

[0133] 

2-3-1. In Appendix 2-3, the reflection reduction coating is dielectric multi-layer coating. 
[0134] 

2-4. In Appendix 2, the flexible pipe member is a coil shaft, 
[0135] 

2-4- 1. In Appendix 2-4, the coil shaft is multiple coil over two layers. 
[0136] 

(Object of Appendix 2) To make the inner side of the outer sheath resistant against 
damage by the rotating optical element. 

(Object of 2-1-1-1) To ensure that the outgoing surface of the optical element always 
comes to contact with Hquid, which is sealed within the internal opening of the outer 
sheath. 

(Action of Appendix 2) A bending part is provided at the portion in contact between the 
sheath inner surface and the retaining member of the optical element to make contact 
without damage to the inner surface of the outer sheath. 

(Action of Appendix 2-2) Abrasion resistant coating is provided at the portion in contact 

between the sheath inner surface and the retaining member of the optical element to 

make contact without damage to the inner surface of the outer sheath. 

(Action of 2-1-1-1) A hole is provided to allow the liquid to pass through it, and the 

outgoing surface of the optical element comes to direct contact with the liquid without 

residual bubbles. 

[0137] ' 

3. An optical scanning probe unit for optical imaging instruments, which forms 
tomographic images of an object by irradiating low-coherent light on the object and 
collecting data of hght scattered fi'om the object comprising: 

a sheath comprising a resin tube having flexibility throughout most of the length and 
having its tip end formed of material with high light permeability, the tip end of said 
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sheath being closed. 

optical emitter and receiver provided inside said tip end formed of material with high 
light permeability for emitting the light toward the sheath inside, irradiating the 
permeated light on the object located outside the sheath, and receiving the light 
reflected, scattered, or excited from the object via the sheath, 

a flexible pipe member inserted generally throughout the length of the sheath inside, 
a retaining member for said emitter and receiver attached at the tip end side of the 
flexible pipe member, 

an optical fiber provided in the internal opening of the pipe member for transmitting 
the low-coherent light, and 

a seal for sealing liquid between the sheath internal opening and the external diameter 
of the pipe member, 

wherein index matching Uquid is sealed within at least the optical emitter and receiver 

and the opening in the sheath. 

[0138] 

3-1, In Appendix 3, the seal for seahng liquid between the sheath internal opening and 
the external diameter of the pipe member is provided at the base of the sheath. 
3-1-1. In Appendix 3-1, the seal is made from an elastic body, 

3-1-2. In Appendix 3-1, the pipe member is rotatable, and the seal function is 
maintained even during rotation of the pipe member. 

3-2. In Appendix 3, an inlet for injecting liquid is provided at the base of the sheath to 
inject liquid between the sheath internal opening and the external diameter of the pipe 
member . 

3-3. In Appendix 3, a seal for sealing the liquid between the sheath internal opening 
and the external diameter of the pipe member is provided at the base of the sheath, 
[0139] 

3-4, In Appendix 3, the index matching liquid is water. 

3-5. In Appendix 3, said emitter and receiver are provided with a lens for converging 
Ught from the optical fiber and a prism for changing the direction of the optical axis 
generally by right angle. 

3-5-1. In Appendix 3-5, optical material is filled between the optical fiber end and the 
lens. 

3-5-2. In Appendix 3-5, the reflection surface of the prism is provided with reflection 

coating. 

[0140] 

(Background of Appendix 3) 
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a flexible pipe member inserted generally throughout the length of the sheath inside, 
a retaining member for said emitter and receiver attached at the tip end side of the 
flexible pipe member, 

an optical fiber provided in the internal opening of the pipe member for transmitting 
the low-coherent light, and 

a seal for sealing liquid between the sheath internal opening and the external diameter 
of the pipe member, 

wherein index matching liquid is sealed within at least the optical emitter and receiver 

and the opening in the sheath. 

[0138] 

3-1. In Appendix 3, the seal for sealing liquid between the sheath internal opening and 
the external diameter of the pipe member is provided at the base of the sheath. 
3-1-1. In Appendix 3-1, the seal is made from an elastic body. 

3-1-2. In Appendix 3-1, the pipe member is rotatable, and the seal function is 
maintained even during rotation of the pipe member. 

3-2. In Appendix 3, an inlet for injecting hquid is provided at the base of the sheath to 
inject liquid between the sheath internal opening and the external diameter of the pipe 
member . 

3-3. In Appendix 3, a seal for sealing the liquid between the sheath internal opening 
and the external diameter of the pipe member is provided at the base of the sheath. 
[0139] 

3-4. In Appendix 3, the index matching liquid is water. 

3-5. In Appendix 3, said emitter and receiver are provided with a lens for converging 
light from the optical fiber and a prism for changing the direction of the optical axis 
generally by right angle. 

3-5-1. In Appendix 3-5, optical material is filled between the optical fiber end and the 
lens. 

3-5-2- In Appendix 3-5, the reflection surface of the prism is provided with reflection 

coating. 

[0140] 

(Background of Appendix 3) 
(Prior arts related to Appendix 3). 

In addition to the prior arts in Appendix 1 (or prior arts in the description), the outer 
sheath with optical permeability is generally made of a resin tube such as fluorine 
resin and poly amide (nylon). Since the refractive index of the resin tube greatly differ 
from that of air sealed between the optical element and the outer sheath, significant 
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light reflection occurs within the outer sheath. Similarly, significant reflection also 
occurs outside the outer sheath. The reflection attenuates the irradiation and 
observation light, thus degrading the S/N ratio for observation. 

Since the OCT, in principle, detects the correlation between the reflection intensity on 
the optical path and the optical path length, presence of two faces with intense 
reflection in the vicinity will cause multiple reflection between the reflecting surfaces, 
and the OCT detects high reflection intensity at location on the optical path length, 
where no actual reflection surface exists, resulting in generation of ghost. The 
observation light, which is Ught scattered and reflected by the living body, is relatively 
weak light when compared with the hereinbefore mentioned reflection intensity, the 
ghost will considerably deteriorate the observation performance. 
[0141] 

(Object of Appendix 3) To provide means for attenuating the reflection on the inner 
surface of the outer sheath. 

Also to attenuate loss caused by irregular reflection due to damage on the inner side of 
the outer sheath attributable to rotation of the optical element in the outer sheath. 
(Object of 3-5-2) To prevent attenuation of the irradiation and observation Ught due to 
decrease in reflectance of the prism even when the reflection surface of the prism comes 
into contact with the index matching water. 

(Action of Appendix 3) The index matching hquid is sealed between the internal 
opening of the outer sheath and the optical element to minimize the refractive index 
difference between the outer sheath and the index matching liquid in the outer sheath 
and to attenuate the reflection at the interface, thus preventing ghost, which may 
otherwise hinder the observation. 

Even when the inner side of the outer sheath is damaged by the rotating optical 
element, the refractive index difference between the outer sheath and the index 
matching liquid in the outer sheath is small, and the reflection at the interface is 
insignificant, thus minimizing the influence of irregular reflection. 
(Action of Appendix 3-5-2) Since the reflection coating is provided on the reflection side 
of the prism, the prism reflectance does not drop even when the reflection side of the 
prism comes into contact with the index matching water. 

[0142] 4. An optical scanning probe unit for optical imaging instruments, which forms 
tomographic images of an object by irradiating low-coherent light on the object and 
collecting data of light scattered from the object comprising: 

a sheath comprising a resin tube having flexibility throughout most of the length and 
having its tip end formed of material with high light permeability, 
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optical emitter and receiver provided inside said tip end formed of material with high 
light permeability for emitting the light toward the sheath inside, irradiating the 
permeated light on the object located outside the sheath, and receiving the light 
reflected, scattered, or excited from the object via the sheath, 

said emitter and receiver comprising a tip -end optical member having a lens for 
converging light from the optical fiber and a prism for changing the direction of the 
optical axis generally by right angle, 

a flexible pipe member inserted generally throughout the length of the sheath inside, 
an optical fiber provided in the internal opening of the pipe member for transmitting 
the low-coherent light, 

a fiber retaining member for retaining the optical fiber end, and 

a connecting member for connecting the tip end of the flexible pipe member, fiber 
retaining member, and tip-end optical member, 

wherein the joint between the flexible pipe member and the connecting member is 

located within the range of the length of the fiber retaining member. 

[0143] 

4-1. In Appendix 4, the fiber retaining member is a cyhndrical member with at least 
core of the optical fiber inserted through it and has external diameter smaller than the 
internal diameter of the flexible pipe member at least partially in its length. 
4-1-1. In Appendix 4-1, The fiber retaining member is a pipe member with the core and 
covering of the optical fiber inserted through it and has external diameter smaller than 
the internal diameter of the flexible pipe member. 

4-2. In Appendix 4, the connecting member has internal diameter larger than the 
external diameter of the flexible pipe member at least partially, and connects the tip 
end of the pipe member to said internal diameter part. 
[0144] 

(Background of Appendix 4) 

(Prior arts related to Appendix 4) In the probes disclosed in Patent Laid Open to Pubhc 
Inspection No. 6*511312 and Patent Application No. 9-313924, a pipe-like part called 
ferrule for inserting optical fiber through it and for positioning and holding it at high 
precision is employed for holding the optical fiber end against the optical element. A 
certain length of joint is required to maintain joining strength between the ferrule and 
the optical fiber. When the endoscope is inserted into a body cavity with the probe 
inserted through the forceps . opening in the endoscope, the rigid length comprising the 
combined lengths of the optical element, ferrule, and the rotary tube is required to be 
minimized to bend the probe with small bending radius. 
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Since the respective length is determined according to the specification and joining 

strength, the rigid length cannot be minimized. 

[0145] 

(Object of Appendix 4) To shorten the rigid length of the probe tip end. 

(Action of Appendix 4) A joint of the rotary tube is provided w^ithin the range of the 

ferrule length, thus shortening the rigid length. 

5. An optical imaging device for irradiating an object to be examined with low 

interference light and for constituting a tomographic image of the object to be examined 

from information about the light scattered by the object, comprising 

a optical probe section having an exchangeable optical connector section incorporating 

a single mode fiber for transmitting the low interference to the object to be examined; 

a first propagation time change means connected to said optical probe for interfering 

the low interference light returned from the object to be examined and a reference light 

and, at the same time, for changing the propagation time scanning said interference 

position axially in respect of the optical axis by changing the transmission time; 

a detection means for detecting the optical factor variation of a tip optical member of 

the optical probe and its optical path length; 

a computation means for computing the optical probe optical path length from the 
optical factor variation and its optical path length; and 

a second propagation time change means for changing the propagation time in 
response to the calculated optical probe optical path length. 

5-1. The device of the supplementary note 5, wherein the detection means changes the 
propagation time at least by either of the first and the second propagation time change 
means, interferes the low interference Hght returned from the optical member in the 
optical probe and the reference Ught, scans said interference position axially in respect 
of the optical axis and detects its interference intensity and interference position, 
5-2. The device of the supplementary note 5, wherein the optical factor variation is the 
reflection intensity of an optical element surface. 

5-2-1. The device of the supplementary note 5-2, wherein the optical probe tip section 
includes an optical fiber, a lens for collecting light form the optical fiber and a prism for 
refracting the optical path direction substantially at right angle, while the computation 
means computes the optical probe optical path length from reflection intensity peaks 
of optical fiber end, lens surface and prism face. 

5-2-2. The device of the supplementary note 5-2, wherein the optical probe includes a 
sheath whose most of its total length is made of flexible tube and at least it tip is made 
of good light transmissive material, and the computation means calculate the optical 



32 



probe optical path length by reflection intensity peaks of the sheath outer or inner face. 
5-2-3. The device of the supplementary note 5-2, wherein the optical probe optical 
path length is computed, by identifying the element position from reflection intensity 
and reflection interval of respective faces of the optical element. 
(Background of the supplementary note 5) 
(Conventional arts opposed to the supplementary note 5) 

In TOKUHYOU HEI 6-511312, as the disparity of individual optical probe length is not 
considered when the optical probe is exchanged, tomographic image acquisition range 
was restricted or tomographic image could not obtained causing problems. Moreover, 
for the used in a body cavity, it is preferable to make it operable under the endoscopic 
observation and, in this case, it is convenient to use by introducing through the 
endoscope forceps channel; however, conventional arts have not proposed those 
exchangeable according to the length of the endoscope forceps channel. 
On the other hand, in the Patent Application 9-313924, an optical path length variable 
means is provided separately from an optical path length scanning means to respond to 
the optical probe length variation, but slight disparity of individual optical probe length 
should be adjusted by the obsei^er, resulting in troublesome problems. 
(Object of the supplementary note 5) To provide an optical imaging device allowing to 
obtain securely tomographic image, by automatic correction of the optical path length 
disparity, even when the optical probe is exchanged. 

(Function of the supplementary note 5) The composition of the supplementary note 5 
permits to obtain a correct observation image, even when the optical probe is 
exchanged and used, by automatic calibration of the optical probe optical path length. 
6. An optical probe for optical tomographic imaging device, comprising 
an elongated insertion section which can be introduced into an object to be examined, 
a low interference light source generating a low interference light, 

a visible Hght source generating a visible light of the wavelength different from said 
low interference light, 

a light conducting means composed of one single mode fiber, introduced in said 
insertion section, for guiding said low interference light to the tip side of said insertion 
section and, at the same time, for detecting reflection light reflected from the object to 
be examined, 

a reflection means for irradiating the object to be examined from the side end face of 
said insertion section tip with the low interference light from said single mode fiber, 
a polarizing face rotation element, disposed between said single mode fiber and the 
reflection means, for rotating a polarizing face of said low interference light and 
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reflection light, 

and a visible light composition means for guiding the visible light generated from said 
visible light source into said light conducting means, wherein 

an optical selection means for reflecting said visible light and transmitting said low 
interference light is disposed between said single mode fiber and said polarizing face 
rotation element so as to reflect the visible light in the same direction as the 
predetermined direction for reflecting the low interference light by said reflection 
means. 

6-1. In the supplementary note 6, said optical selection means in a dichroic mirror. 
(Background of the supplementary note 6) 

(Conventional arts opposed to the supplementary note 6) As conventional arts, 
TOKUHYOU HEI-6-51312 can be cited. Moreover, there is a hteracy using a Farady's 
rotator. As disclosed in "Rapid acquisition of in vivo biological images by use of optical 
coherene tomography", G. J. Tearney et al, Optics Lretters, Vol. 21, No. 17, p. 1408-1419, 
1996, in an interference system used for OCT, birefrigence generated by the inner fiber 
bending cased by the bending of an optical scanning probe can be compensated by a 
Farady's rotator disposed on an optical scanning probed on an arm of the object side 
interference system, and a Farady's rotator on the reference side arm. 
To obtain an optical tomographic image by irradiating the object to be examined with 
low interference light, it is advantageous to use low interference light of infrared range 
of SOOnm or more. Moreover, there exists an optical tomography imaging device using 
visible light, irradiated optically coaxial with the low interference light, as guide light, 
in order to identify the low interference Ught irradiation position invisible to the naked 
eye. 

However, as the light permeability fo the Faraday's rotator depends on the wavelength, 
most of wavelengths of the visible light band can not penetrate when low interference 
light wavelength band it to penetrate; as the consequence, only by disposing low 
interference light and visible light optically coaxial, the visible light is reflected by the 
Farady's rotator and does not irradiate the object to be examined and so the problem 
was that it can not be used as guide light. 
(Object of the supplementary note 6) 

The composition of the supplementary note 6 was adopted with the object of providing 
an optical probe for the optical tomography imaging device allowing to irradiate an 
object to be examined with visible light as guide Ught, event if a Farady's rotator is 
disposed in a low interference light guiding optical system! 

(Function) The low interference light irradiation position can be viewed with naked 
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eye, by separating low interference light and visible light juste before the Farady's 
rotator and irradiating the object to be examined with respective light. 
(Effect of the Invention) 

As mentioned above, according to the invention, in an optical scanning probe device for 
the optical imaging device for irradiating an object to be examined with low 
interference light and constituting a tomographic image of the object to be examined 
from information about the Ught scattered by the object to be examined, comprising: 
a sheath whose most of the total length is made of flexible resin tube and at least its tip 
is made of good light transmissive material; and 

a hght emission and incoming section, disposed inside a portion of the sheath made of 
good light transmissive material, for emitting light inside the sheath, irradiating the 
object to be examined outside the sheath with its penetrated light and for receiving the 
light reflected, scattered and excited by the object to be examined, passing through the 
sheath; 

at least the portion of the sheath where light emission and incoming section is disposed 
is made exchangeable, allowing to observe by replacing only the damaged sheath, if the 
sheath inner surface were damaged. 
(Brief Description of Drawings) 

Fig. 1 shows the general composition of an optical imaging device provided with a first 
embodiment of the invention; 

Fig. 2 shows an endoscope to which an optical scanning probe device is to be inserted 
with its optical scanning probe device ; 

Fig. 3 is a cross-section showing the schematic composition of the optical scanning 
probe device and an rotation driving device; 

Fig. 4 is a cross-section showing the composition of the tip side of the optical scanning 
probe device ; 

Fig. 5 shows the composition of the tip side of an optical scanning probe device of the 
composition different fi'om Fig. 4; 

Fig. 6 is a cross-section showing the composition of the tip side of the optical scanning 
probe device of the different composition; 

Fig. 7 is a cross-section showing the composition of the tip side of an optical scanning 
probe device of still another composition; 

Fig. 8 is a cross-section showing the detailed composition of a connector section; 

Fig. 9 is a cross-section showing the tip side of an optical scanning probe device 

according to a second embodiment of the invention; 

Fig. 10 shows the composition of an optical path length variable mechanism of an 
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optical scanning probe device according to a third embodiment of the invention; 

Fig, 11 shows the composition of an optical path length variable mechanism of a 

variation of Fig. 10; 

Fig. 12 shows a monitor image; 

Fig. 13 shows reflection information obtained by optical path length variation; 

Fig. 14 is a flow-chart showing the procedure of a method for deciding the optical path 

length corresponding the image center; 

Fig. 15 shows the disposition of a calibration jig at the tip side of an optical scanning 
probe device; 

Fig. 16 is a flow-chart showing the procedure of a method for deciding the optical path 
length corresponding the image center, using reflection information from the 
calibration jig; 

Fig. 17 shows the tip side of an optical scanning probe device scanning horizontally; 
Fig. 18 shows an OCT image obtained by the optical scanning probe device of Fig. 17; 
Fig. 19 shows the tip side of an optical scanning probe device scanning the front 
hneally; 

Fig. 20 shows an OCT image obtained by the optical scanning probe device of Fig. 19; 

Fig. 21 shows the composition of an optical imaging device provided with an optical 

scanning probe device according to a fourth embodiment of the invention; and 

Fig. 22 is a cross-section showing the composition of the tip side of the optical scanning 

probe device 

(Symbols) 
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Optical imaging device 
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Low interference light source 
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Fistc 
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Optical coupler section 
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Second single mode fiber 
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Optical rotary joint 
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Third single mode fiber 
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Optical scanning probe (device) 
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Connector section 


10 


Fourth single mode fiber 


11 


Organic tissue 


13 


Rotation driving device 


14 


Optical path length variable mechanism 


16 


Grating 
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18 Monoaxial stage 

19 Galvanometer mirror 

20 Galvanometer controller 

2 1 Position control device 

26 Monitor 
25 Computer 

27 Observation device 
38 Optical sheath 

40 Flexible shaft 

86 Sheath retainer 

87 Socket section 

88 Crimp protector 

90 Connector retainer 

9 1 Optical connector 

93 Bearing 

94 Bearing support 

Agent Patent Attorney : ITOH, Susumu 



Abstract 

(Problem to be Solved) 

To provide an optical imaging device to be used for obtaining again the observation 
image, by replacing the sheath section, even when the sheath inside is damaged. 
(Means to Solve the Problem) 

Adopting the structure, wherein a fourth single mode fiber 10 is disposed inside a 
flexible shaft 40 to be inserted in an optical sheath 38 of an optical scanning probe, a 
connector section 9 of the base end side of this optical sheath 38 de detachably attached 
to a rotation driving device 13 of an observation device and, at the same time, the 
base end of the optical sheath 38 can be detachably connected to a socket protruding 
from the front of a sheath retainer 86, an optical scanning probe 8 can be used again by 
removing and replacing the optical sheath 38 section, even when the inner surface of 
the optical sheath 38 is damaged. 
(Selected Drawing) Fig. 8 
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FIG. 16 



Peak of reflection intensity and optical path length corresponding 
to of the peak are detected 
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Reflection peak with maximum intensity is identified as reflection 
from calibration jig 



Peak just before the peak is identified as reflection from sheath 
surface 



Position of the optical path length serving as center of image is 
determined based on the external diameter of the sheath 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re PATENT APPLICATION 
HORII et al. ' 

Application No.: 09/398,366 L JAN 1 7 2002 S) Group Art Unit: 2877 

Filed: September 17, 1999 Examiner: Unknown 

Title: OPTICAL IMAGING APPARATUS Atty. Dkt. 41 050/26401 8 



* * * * 



January 17, 2002 



PETITION FOR RETROACTIVE LICENSE 



Hon. Commissioner of Patents 
Washington, D. C. 2023 1 

Sir: 

This petition for a retroactive license under 35 USC 184 and 37 CFR 5.25 is presented 
in accordance with 37 CFR 5.14(a). 

1. Two unUcensed patent applications were filed by Olympus Optical Co. Ltd/in 

c3^ -S:- 



Japan: 



i-^^ r-i 



a. Japanese Application No. 1 0-266752 filed September 21,1 99^ ^ ^ 
(Olympus Dkt. No. 98P0 15787) 

b. Japanese Application No. 1 0-266753 filed September 21,1 998. 
(Olympus Dkt. No. 98P0 15787) 

2. The subject matter in each of those Japanese applications was not under a U.S 

secrecy order at the time it was filed in Japan. It has never been and is not 

currently under a secrecy order in the United States. 
01/22/2002 BSAYflSIl 00000211 09398366 
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130.00 OP 
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3. Discovery that the foreign filings were proscribed occurred on or about February 
17,1 999 when an Olympus trainee, Kazutaka Kobayashi, asked me whether a 
foreign filing license was necessary , and I said yes. 

4. The two applications were filed in Japan without first having obtained the required 
license under 37 CFR 5.11 because the persons involved in their filing did not 
know either that (1) subject matter disclosed in either application was invented in 
the United States, or (2) that before filing in Japan a patent application containing 
subject matter invented in the United States but not filed in the United States or on 
file in the United States for less than six months required a foreign filing license 
from the United States Government. See the enclosed Declaration of Horii et al. 
and the Declaration of Jiro Narita. 

5. The enclosed Declaration of Mamoru Kaneko including its exhibits I through VIII 
sets forth the sequence of events that occurred up through the sending of both 
disclosures to the outside patent firm, Itoh-shin Patent Office, to prepare and file 
two patent applications in the Japanese Patent Office. 

6. The person in the Itoh-shin Patent Office who prepared and filed the two Japanese 
applications was Jiro Narita. See his enclosed Declaration as to his knowledge 
and procedure. 

7. The required Rule 1 7(h) petition fee of $130 (fee code 122) is attached. Should it 
be missing or inadequate, please charge our Deposition Account No. 03-3975 
under Order No. 60148/258937. 

8. I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true; and 
further that these statements were made with the knowledge that willful false 
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statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code and that such willful 
false statements may jeopardize the validity of the application or any patent issued 
thereon. 

Approval of this petition is earnestly solicited. 



Respectfully submitted, 



PILLSBURY WINTHROP LLP 




G. Lloyd Knight 
Reg. No. 17698 
Tel. No.: 703.905.2117 
Fax No.: 703.905.2500 



GLK/tis 

1600 Tysons Blvd. 
McLean, VA 22102 
Tel. No.: 703.905.2000 
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^ ^ , Declaration of Horii e% al- 

As one of the below named persons, I declare as follows: 

1. 1 am one of the persons in Olympus Optical Co. Ltd, through whom the requests for 
filing Japanese Application No, 10-266752 (Olympus No. 98P01577) and Japanese 
Application No. 1 0-266753 (Olympus No, 98P0157&) passed before those applications 
were both filed in Japan on September 21, 1998, and I sute that the filing of these 
applications in Japan was done without any deceptive intention. 

2, As lo whether 1 knew before ihai application was filed that some of the subject matter 
disclosed iherein was invented in the United 5Staie<;. see ray answer in the following chart: 



Knew 



Did Not Know 



AJcihiro Horii 
Mamoru Kaneko 
Kenji Yoshino 
Tadahiro Nakano 
Mako Yamaguchi 
Makoto Shigebara 
Norio Sakagami 
Jiro Nariia 
Hitoshi Ueno 
Syuhei lizuka 



X 
X 



X 
X 
X 
X 
X 
X 



X (not involved in No. 98P01577) 
X (not involved in No. 98P01 577) 



3. As to whether I knew before that ^plication was filed that before filing in Japan (or 
any other country) a patent application containing subject matter invented in the United 
States, but not filed in the United States or filed therein for less than six months, that a 
foreign filing license was required by the United States Govenmient, see my answer in 
the following chart: 
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Knew Did Not Know 



Akihiro Horii 
Mamoru Kaneko 
Kenji Yoshino 
Tadahiro Nakano 
Mako Yamaguchi 
Makoto Shigehara 
Norio Sakagami 
JiroNarita 
Hitoshi Ueno 
Syuhei lizuka 

Further, declarants sayeth not- 



X 



X 
X 
X 



X (not involved in No. 98P01577) 
X (not involved in No. 98P01577) 



I f)eret>y declare thai all staxements maae Herein of my own knowledge are ifue and that all statements made on information and 
Deiief are t>6iieved to be true: and further that these statements were made with me knowledge that wiltfui false statements and th 
like so maae are punishaDI© Dy fine or imprisonment, or both, under Section 1001 of Till© 18 of me United States Code and that 
such willful false statements may jeopardize the validity of the application or any patent issued thereon 



Signature l4nU 
Akihiro Horii 

Signature^ ^J^l ^ <^nfl^Ag>- 

Mamoru Kaneko 

Signature ^Y/^^ 




iiji Ytishino 

Signaiure '^cL^JvU.t^ A/(^a^^y^ 
Tadahiro Nakano 

Signature /jctjCp ^fcXMcx.au.c h • 
Mako Yamaguchi 



Date Ac. /3 ,^^/ 



Date {^ec.. /3 Ze?ol 



Date A^. /j,^^^^ 
Date t^-e^c . J3 . ^oc^f 



Date ^ec. /S 
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S^AjunxK Dale Pec. /3. I 



Makoio Shigehora 

Signature Tlsa^ SoMp^^imZ Date Qe t. . \^ . ^-^^ ( 

Norio Sakagazxii 

Signature ^ N c^j^ Date P^c, 2c^(? / 

Jfiro Nariia 

Signamre )hjtJk^ Date ^e.c. 

Hitoshi Ueno 

Signature s^&^O^^ O^^Jrc Date pee> l?> . 200 / 
Syvihei lizuka 

c/o Olympus Optical Co,, Ltd., Intellectual Property Depi., 2-3 Kuboyama-cho, Hachioji- 
shi, Tokyo 192, JAPAN 
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DECLARATION FOR JIRO N aRITA 
I, Jiro Narita, hereby declare as follows: 



1. I am an employee oflxohrshin Parent Office. 

2. I received two patent disclosyres ftom Olympus Optical Co., Ltd., Olympus Docket 
Nos. 98P01577 and 98P01 578 with respective request, both dated August 26, 1998, 
prepare and file respective patent applications in the Japanese Patent Office, only. 



ID 



3. I did prepare the two requested patent appUcations and filed them only in the 
Japanese Patent Office on September 21. 1998. I did not file conesponding 
applications in any odier country other than the United States (Application No. 
09/398366). 

4. Those two implications were assigned respective Application Nos. 10-266752 and 1 0- 
266753 by the Japanese Patent Office. 



:some 



5. At the linieoffiling those two Japanese applicanons, I did not know that J 

subject maner disclosed in those applications had been previously invented in the 
United States. 

Further, declarant saycth not. 

Kn?e*^S^e;SS?S'^^Se^^ «na ^ s«emenu n«ae on «*™a.-oo and 

«ne bKe so ma^ are Punishai^JflS L mi^^ ^ Knowledge that willfLri false swements aoT 

^>enaiure ^ M^^l Date , P^c. /7. / 

Jiro Nariia ~— 

Addre«: c/o Itoh^shin Patent Office. Mu^ Building, 4^ Nishishiniuku 7-Chome 
Shmjuku-ku. Tokyo 160, Japan »»"«i««^u /-i-nome. 
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DECLARATION OF MAMORU KANEKO 
I, Mamoru Kaneko, hereby declare as follows: 

1 . During the relevant time, I was in the Product Development Department, Endoscope 
Division, of Olympus Optical Co., Ltd. in Japan, 

2. At that time, I was the supervisor of Akihiro Horii, the inventor in Japanese Application No. 
10-266752 (Olympus No. 98P01577) filed in Japan on September 21, 1998. 

I was also the supervisor of Hitoshi Ueno and Syuhei lizuka, coinventors along with Akihiro 
Horii in Japanese Application No. 10-266753 (Olympus No. 98P01578) also filed September 21, 
1998. Both of those applications were filed for our department on behalf of Olympus Optical 
Co., Ltd- 

I authorized the filing of those two applications in Japan after evaluating the inventions not 
knowing that there was a United States prohibition on first filing subject matter therein that was 
invented but not yet filed in the United States. 

3. Olympus Docket No, 98P01577 : The information shown on the attached Exhibit Kaneko I 
(three pages) shows the pre-filing sequence of events at Olympus relative to Japanese 
Application No. 1 0-266752 which was Olympus Docket No. 98P01 577. That Exhibit 
includes one sheet in Japanese and its two page English translation. The translation is of the 
encircled pans noted by letters A-N on the Japanese sheet. The seal date in the part marked 
D is "98-8.24", e.g,, August 24, 1998, 

4. Exhibit Kaneko II (three pages including one page in Japanese and its two page English 
translation) includes an August 26, 1998 request to an outside patent firm, Itoh-shin Patent 
Office, to prepare and file a patent application in the Japanese Patent Office, only. 

5. Exhibit Kaneko III is a copy of Japanese Application No. 10-266752 and its filing request as 
filed September 21., 1998 in the Japanese Patent Office and Exhibit Kaneko IV is an English 
translation thereof. That Japanese application was filed without any deceptive intent. 
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^. On Ixxforaiation and belief, the subject matter in Application 10-266752 that was invented in 
the United States is referenced in paragraph [0041] and in Figure 4, a Faraday rotator 52 
being provided on the Uving tissue side rather than the fiber of the tip end of the probe. 

7. Olympxis Docket 98P01578 : The information on the attached Exhibit Kaneko V shows the 
pre-filing sequence of events at Olympus relative to Je^anese Application No. 1 0-266753 
which was Olympus Docket No. 98P01578. That Exhibit includes one sheet in Japanese and 
its two page English translation* The translation is of the encircled parts noted by letter A-N 
on the Japanese sheet. The date at the bottom of the Japanese sheet is August 25, 1998 and 
August 26, 1998. 

8. Exhibit Kaneko VI (three pages including one page in Japanese and its two page translation) 
includes an August 26, 1998 request to an outside patent firm, Itoh-shin Patent Office, to 
prepare and file a patent application in the Japanese Patent Office, only. 

9. Exliibit Kaneko VII is a copy of Japanese Application No- 10-266753 and its filing request as 
filed September 21, 1998 in the Japanese Patent Office, and Exhibit Kaneko Vm is an 
English translation thereof That Japanese application was filed without any deceptive intent. 

10. On information and belief the subject matter in Application 10-266753 that was invented in 
the United States is referenced in (1) paragraph [0039] and Figures 4(A), 4(B), 5, 6^, 7A and 
7B relative to a Faraday rotator 52 rotating on the plane and being provided on the tip of the 
probe because of compensation of polarization, (2) paragraphs [0075] [0076] concerning 
reflection coating 1 14 in Figure 9 and in paragraph [0132] appendix 2-3 and paragraph 
[0133] appendix 2-3-1 concerning reflection reduction coating inside the sheath, and (3) 
paragraph [0074] concerning rigid coating 1 14 in Figure 9 the tip of the probe being made 
from a rigid tube such as a thin gloss tube. 

Further, declarant sayeth not. 

I hereby dedare that all statements made herein of my own knowiedge are true and that all statements made on information and 
belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and 
the like so made are punishable by fine or imprisonment^ or both, under Section 1001 of Title 18 of the United States Code and 
that such willful false statements may jeopardize the validity of the application or any patent issued thereon. 

Signature_^^^H^f^^±^ Date 9^. /3 Zoo/ 
Mamoru Kaneko 

Olympus Optical Co., Ltd,, Intellectual Property Dept., 2-3 Kuboyama-cho, Hachioji-shi, Tokyo 
192, JAPAN 
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Translation Docket No.98Pl577 #1 



A. Request for filing a Intellectual Property Application, and Assignment 

B. With this invention, device or design, I (or We) assign the right to obtain a patent, 
utility model or design patent in Japan and foreign countries to Olympus Optical 
Company. 

C. X Japan / Foreign country 

D. Request's department: Product Development Department, Endscope Division 
a stamp of Mr. Kaneko 

a stamp of Mr. Horii 
a stamp of Mr. Yoshino 

E. Law division/Application division 
X Patent 

Utility model 
Design patent 
(Open publication) 

F. Proposed date: August 25, 1998 
Deadline date of file : September 25, 1998 
Reason: Outside clinical test 

G. Name (Provisional) 

A Light Imaging Apparatus 

H. Plan to file in the United States 

Yes Reserve x No 
Request for search at the filing 
Yes x No 

Request for examine at the filing 
Yes X No 



I. Assignor 
Address; 



Olympus Optical Co. Ltd., 

2-43-2 Hatagaya Shibuya-ku Tokyo 

Akihiro Horii 



Name; 



Employee*; 132563 

J. Applicant: Olympus Optical Co. Ltd. 

K. Seal for Assign: Horii 

L. Summary of propose 

An OCT scope obtaining a image by a radial scanning, which is provided a elastic 
material between rotational transmission members and a light connector in a connector 
of a light probe and an observation apparatus, therefore it causes a secure optical 
contact. 



M. 



Superior a stamp of Mr. Sakagami 

Assigned(delegated) a stamp of Mr. Shigehara (substitution) 



a stamp of Mr, Nakano 
Business routine a stamp of Miss Yamaguchi 



N. 



Docket # 



98P01577 



Date of reception August 25, 1998 

Cord of field E420 



Assigned Group 50 
Outside agency IS 
Date of request for firing August 26, 1998 

















Page 


/ 











A 




oaaaffl>37B 



/lOO 



IlfiQ. 



P 11947 



a* 
jp 



PCT 



LF "s" ' 



CN 



PCT 



"de" 



KR 



PCT 



"gb" 



TW 



PCT 



" f"r 



EPC 
PCT 



EPC 
PCT 



EPC 
PCT 



EPC 
PCT 



EPC 
PCT 



PCT 



EPC 
PCT 



EPC 
PCT 



EPC 
PCT 



EPC 
PCT 



EPC 
PCT 



EPC 
PCT 



EPC 
PCT 



EPC 
PCT 



'3f 



1^ S 9 s 



...7.2:r.'i.Zrf:.t.;..x./S:i..:^.|.ac..l2:c.'7 



13 



[«%] 




m li *s la B ^ 




'■J\ c- 





Translation Docket No,98P 1577 #2 



A. Request for filing an Application 

B. X Japan / Foreign country 

C. To: Ito-shin Patent Office 

D. From: Olympus Optical Company Ltd., Intellectual Property & Legal Depertment 

A stamp of Mr, Nakano August 25, 1998 

E: Law division/Application division 
X Patent 

Utility model 
Design patent 
(Open publication) 

F. Desired filing date: September 25, 1998 

G. Name (Provisional) 

A Light Imaging Apparatus 

H. Request for search at the filing 

Yes X No 

Request for examine at the filing 
Yes X No 

I. Assignor 
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Document Title: SPECIFICATION 

Title of the Invention: OPTICAL IMAGING DEVICE 

What is claimed is: 

1. An optical imaging device comprising an optical scanning probe for irradiating an 
object with low -interference hght, and for receiving light scattered from the object, and 
an observation device detachably connected to said optical scanning probe, for 
producing a tomogram of the object, from optical information received from said optical 
scanning probe, said optical scanning probe comprising: 

a sheath having at least one distal end formed of high-transmittance material, 

a means for detachably mounting, on said observation device, a housing provided at the 

proximal end of said sheath, 

a pipe member provided in said sheath so that said pipe member can rotate around a 
longitudinal axis, 

a torque transmission member provided in the proximal end part of said pipe member, 
a rotary bearing means holding said torque transmission member in said housing so 
that said torque transmission member can rotate, 

a single mode fiber provided in said pipe member, said single mode fiber having a distal 
end part fixed to a distal end of said pipe member, said single mode fiber provided so 
that light may be emitted from a low-interference light source, and incident on the 
proximal end surface of said single mode fiber, 

a lens for condensing hght emitted from the distal end of said fiber, 

an emission path-changing means fixed to said lens, for changing an optical path of 

emission, 

a fiber end fixer means provided in the proximal end part of said fiber, and 

an elastic means provided between said fiber end fixer means and said torque 

transmission member; 

said observation device comprising: 

a rotary drive for exerting torque on said torque transmission member of the optical 
probe, and 

an optical connector means provided on said observation device, for connecting a 
transmission reception fiber to said single mode fiber of the optical probe, said 
transmission reception fiber capable of sending and receiving observation light, 
wherein when said detachably mounting means connects said observation device with 
the optical probe, said elastic means of the optical probe presses said fiber end fixer 
means against said optical connector means, to produce optical connection. 
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DETAILED DESCRIPTION OF THE INVENTION 
[0001] 

[Technological Field of the Invention] 

The present invention relates to an optical imaging device which irradiates an object 
with low-interference light, and produces a tomogram of the object, from optical 
information scattered from the object. 
[0002] 
[Prior Art] 

Nowadays, to diagnose the Uving tissue, a device is used which can obtain optical 
information on the inside of the tissue. The Japanese Patent No. 6-511312 Gazette, 
for example, discloses an interference type OCT (optical coherence tomography) which 
uses low-interference Ught to produce a tomogram of the object. 
[0003] 

The Japanese Patent No. 6-511312 Gazette discloses a probe which includes a rotary 
tube that has optical fibers and optical elements on the inside while the probe has an 
outside tubular sheath which assists insertion into the patient's body cavity. Lack of a 
means for detachably mounting a probe, however, disables the doctor to clean or 
steriUze the probe before use in the patient's body cavity. While rotating, optical 
elements like a prism, at the distal end, are exposed to the outside sheath; therefore, 
they may damage the living tissue. 
[0004] 

In contrast, the Japanese Patent Application No. 9-313924 discloses an OCT optical 
probe which has an optical probe unit and an observation device that can be detached 
firom the optical probe unit. The probe has a detachable connector. Optical elements 
like a prism, at the distal end, are covered and sealed with a clear sheath. 
[0005] 

[Problems to Be Solved By the Invention] 

In such prior art, however, torque cannot be transmitted smoothly unless the rotary 
shaft of the rotary drive provided on the observation device is accurately aligned with 
the rotary shaft of the torque transmission member that turns the rotary tube provided 
on the connector of the optical probe. Inaccurate aUgnment may cause uneven 
rotation and unsteady rotating speed. In reality, it is difficult to align two rotary 
shafts accurately. 
[0006] 

The optical fiber connector is integrated with the torque transmission member at the 
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proximal end of the rotary tube. If two rotary shafts form an inappropriate e obtuse 
angle, or if rotary-shaft bearing becomes so loose that the rotary shaft moves toward 
the fiber, connection of the observation-device optical fiber with optical fiber of the 
optical probe becomes unreUable. Such unreliable connection is a problem. 
[0007] 

It is necessary to abut the fiber cores, with an accuracy of several micrometers, 
especially for OCT single mode fibers. Even slight misalignment or narrow gap may 
cause a great loss of light, and aggravate the signal-to-noise ratio for observation. 
Variations in connection due to rotation may cause uneven intensity of the observation 
image. 
[0008] 

The present invention overcomes the above-mentioned difficulties. The objective of 
the present invention is to provide an optical imaging device which can ensure steady 
connection of the observation-device optical fiber with the optical fiber of the optical 
probe, even if there is shaft misalignment, inappropriate obtuse angle, or axially loose 
bearing, between the rotary shaft of the rotary drive provided on the observation device 
and the rotary shaft of the torque transmission member provided on the connector of 
the optical scanning probe. 
[0009] 

[Means to Solve Problems] 

An optical imaging device is used which comprises an optical scanning probe for 

irradiating an object with low-interference light, and for receiving light scattered from 

the object, and an observation device detachably connected to the optical scanning 

probe, for producing a tomogram of the object, from optical information received from 

the optical scanning probe, the optical scanning probe comprising: 

a sheath having at least one distal end formed of high-transmittance material, 

a means for detachably mounting, on the observation device, a housing provided at the 

proximal end of the sheath, 

a pipe member provided in the sheath so that the pipe member can rotate around a 
longitudinal axis, 

a torque transmission member provided in the proximal end part of the pipe member, 
a rotary bearing means holding the torque transmission member in the housing so that 
the torque transmission member can rotate, 

a single mode fiber provided in the pipe member, the single mode fiber having a distal 
end part fixed to a distal end of the pipe member, the single mode fiber provided so that 
Ught may be emitted fi:om a low-interference light source, and incident on the proximal 
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end surface of the single mode fiber, 

a lens for condensing light emitted from the distal end of the fiber, 

an emission path-changing means fixed to the lens, for changing an optical path of 
emission, 

a fiber end fixer means provided in the proximal end part of the fiber, and 

an elastic means provided between the fiber end fixer means and the torque 

transmission member; 

the observation device comprising: 

a rotary drive for exerting torque on the torque transmission member of the optical 
probe, and 

an optical connector means provided on said observation device, for connecting a 
transmission reception fiber to said single mode fiber of the optical probe, said 
transmission reception fiber capable of sending and receiving observation light, 
in which, when the detachably mounting means connects the observation device with 
the optical probe, the elastic means of the optical scanning probe presses the fiber end 
fixer means against the optical connector means, to produce optical connection. In 
such a composition, while pressed against the observation-device fiber end, the fiber 
end of the optical scanning probe rotates. Both fiber ends, therefore, can be connected 
steadily, whether or not there is shaft misahgnment, inappropriate obtuse angle, or 
axially loose bearing, between the rotary shaft of the torque transmission member and 
the rotary shaft of the rotary drive provided on the observation device. 
[0010] 

[Embodiments of the Invention] 

Referring to the drawings, embodiments of the present invention are described below, 
(First Embodiment) 

Figs. 1 through 7 relate to a fixst embodiment of the present invention. Fig. 1 shows a 
composition of an optical imaging device, in the first embodiment of the present 
invention. Fig. 2 shows an optical scanning probe, and an endoscope through which 
the optical scanning probe is passed. Fig. 3 shows a composition of the optical 
scanning probe and rotary drive. Fig. 4 shows a detailed composition of the optical 
scanning probe. Fig. 5 shows a composition of a connection between a connector and 
the rotary drive. Fig. 6 shows cross -sections taken along line A-A and line B-B in Fig. 
5. Fig. 7 shows the connector cleaned and stored. 
[0011] 

An objective of this embodiment is to prevent shaft misahgnment, inappropriate obtuse 
angle, or axially loose bearing, between the rotary shaft of the rotary drive provided on 
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the observation device and the rotary shaft of the torque transmission member that 
turns a rotary tube provided on the connector of the optical probe, and to ensure that 
the observation -device optical fiber can be steadily connected with the optical fiber of 
the optical probe. Another objective of this embodiment is to enable torque to be 
transmitted smoothly, from the rotary shaft of the rotary drive to the rotary shaft of the 
torque transmission member. 
[0012] 

A further objective of this embodiment is to ensure that even if the fiber ends in the 
connection of the optical scanning probe and the observation device are contaminated, 
the doctor can replace the single mode fiber detachably provided in the connection of 
the observation device and the optical probe, without re-grinding the fiber ends. Thus, 
steady optical connection can be kept without re-grinding the fiber ends. 
A yet further objective of this embodiment is to ensure that only one stroke of mounting 
is needed to mount the connector on the observation device, and to provide an easy-to- 
handle device that enables the doctor to connect torque transmission members and 
connect optical fibers simultaneously. 
[0013] 

Optical imaging device lA (optical tomography device), shown in Fig. 1, has an 
observation device 27 in which low-interference Ught source 2 like a superhigh- 
brightness light- emitting diode (SLD) is provided. Low-interference light source 2 
emits light (with a wavelength of 1300 nm, for example) which has the low-interference 
Ught features such that rays may interfere with one another, only within a short 
distance, an interfering distance of 17 ju m or so, for example. Light may be divided 
into two, for example. In such cases, if both rays are mixed again, and if the difference 
between two optical path lengths fi:om branch to junction is within a short distance of 
17 M ni or so, interference will be detected. If optical path lengths exceed it, rays will 
not interfere. 
[0014] 

Light from low-interference light source 2 is incident on an end surface of first single 
mode fiber 3, and sent to the other end surface (distal end surface). First single mode 
fiber 3 has a halfway optical coupler 4 that optically couples first single mode fiber 3 
with second single mode fiber 5, Optical coupler 4, therefore, divides Ught into two 
rays, which are sent separately. 
[0015] 

On the distal side (distal of optical coupler 4) of first single mode fiber 3, optical rotary 
joint 6 is interposed which couples a rotary unit with a non-rotary unit so that light can 
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be sent. Connector 9 of optical scanning probe 8 is detachably connected to the distal 
end of third single mode fiber 7 in optical rotary joint 6. Light from low -interference 
light source 2 is sent (guided) to fourth single mode fiber 10 which is passed through 
optical scanning probe 8, and which is driven to rotate. 
[0016] 

As an object, living tissue 11 is scanned and irradiated with Ught sent and emitted fi:om 
the distal side of optical scanning probe 8. Light is scattered on the surface or inside 
of living tissue 11. Part of reflection is acquired and returned through the optical path 
to first single mode fiber 3. Optical coupler 4 turns part of reflection to second single 
mode fiber 5. The turned part of reflection is emitted fi*om an end of second single 
mode fiber 5, and incident on an photodetector like photodiode 12, for example. 
It should be noted that rotary drive 13 in observation device 27 drives the rotor of 
optical rotary joint 6 to rotate. 
[0017] 

On the side distal of optical coupler 4 of second single mode fiber 5, variable optical 
path length mechanism 14 is provided which changes optical path length of reference 
light. Variable optical path length mechanism 14 comprises: first optical path length- 
changing means which quickly changes optical path length only by a predetermined 
scanning range, according to the optical path length by which optical scanning probe 8 
scans living tissue 11 in the depth direction within the predetermined range; and 
second optical path length -changing means which can change optical path length by 
the standard deviation of probe length so that the deviation of length of each optical 
scanning probe 8 can be canceled during use, if optical scanning probe 8 is replaced 
with new one. 
[0018] 

Collimator lens 30 is opposed to the distal end of second single mode fiber 5, and 
mounted on uniaxial stage 18 so that the collimator lens can move in the direction 
denoted by code a. Grating 16 is optically coupled through lens 15 opposed to the 
colhmator lens. As an optical path length-changing means, galvanometer mirror 19 
with a minute swinging angle is optically coupled through lens 17 that corresponds to 
grating 16. Galvanometer controller 20 pivotally quickly swings galvanometer mirror 
19 as denoted by code b. 
[0019] 

Galvanometer mirror 19 is a part of a galvanometer used to reflect light. When 
applied to the galvanometer, AC drive signals pivotally quickly swing the mirror 
attached to a movable part of the galvanometer. 
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[0020] 

In other words, drive signals cause the mirror to swing pivotally quickly as denoted by 
code b when applied by galvanometer controller 20 to the galvanometer so that optical 
scanning probe 8 can quickly scan living tissue 11 in the depth direction by the 
predetermined distance. 

Light is emitted from the end surface of second single mode fiber 5, and reflected on 
galvanometer mirror 19. Due to the pivotal swings, the optical path length of the 
returned Ught varies by the scanning range or the predetermined distance for scanning 
living tissue 11 in the depth direction. 
[0021] 

In other words, galvanometer mirror 19 acts as a first optical path length-changing 
means in order to produce a tomogram in the depth direction. The galvanometer 
mirror-based means for changing an optical path length is disclosed in SCIENCE VOL. 
276, 1997, pp2037-2039. 

Second single mode fiber 5 and collimator lens 30 are provided on uniaxial stage 18 
that can move along the optical axis denoted by code a. They forms a second optical 
path length-changing means. 

On second single mode fiber 5, fiber loop 29 is provided which adjusts the plane of 
polarization, in order to cancel the effects of double refiraction caused by the bending of 
the fiber in optical scanning probe 8, and the entire interference system composed of 
fibers. 
[0022] 

If optical scanning probe 8 is replaced with new one, uniaxial stage 18 serves as a 
second optical path length-changing means which has a variable optical path length 
range wide enough to cancel the deviation of optical path length of optical scanning 
probe 8. When optical path length through galvanometer mirror 19 is used to produce 
an image in the depth direction, the uniaxial stage also serves as an adjuster means 
which adjusts offeet so that imaging can be started from a desired position (the surface 
of the living tissue, for example. Even if the distal end of optical scanning probe 8 
does not touch the surface of the living tissue, the use of uniaxial stage 18 to change 
optical path length can cause interference to start from the surface of living tissue 11). 
[0023] 

Uniaxial stage 18 has a stage-moving motor. When applied by position controller 21 
to the motor, drive signals cause uniaxial stage 18 to move in the direction denoted by 
code a. 

A ray, the optical path length of which is changed by variable optical path length 
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mechanism 14, is sent to halfway optical coupler 4 of second single mode fiber 5, and 
mixed with the other ray that leaks from first single mode fiber 3, Both rays are 
received by photodiode 12. 
[0024] 

It should be noted that for example, with uniaxial stage 18 set at or around the 
midpoint within the variable range, second single mode fiber 5 is set so that the optical 
path length fi:om optical coupler 4 through fourth single mode fiber 10, and through the 
distal end of optical scanning probe 8 to living tissue 1 1 may be substantially equal to 
the optical path length through second single mode fiber 5 to galvanometer mirror 19 
on uniaxial stage 18 where the ray is reflected by the galvanometer mirror, 
[0025] 

The deviation of length of each optical scanning probe 8 is canceled by positioning 
uniaxial stage 18, according to the use of optical scanning probe 8 actually connected. 
Pivotally quickly swinging galvanometer mirror 19 changes optical path length of 
reference light periodically so that the reference light can interfere with reflection at a 
depth of living tissue 1 1 which has the same optical path length as the reference light. 
[0026] 

Photodiode 12 receives and converts hght into an electric signal, which is amplified by 
amplifier 22, and inputted to demodulator 23. Demodulator 23 performs 
demodulation that extracts only a signal for the interfering part of light. The 
demodulator output is passed through analog-to-digital converter 24, and inputted to 
computer 25. According to the tomogram, computer 25 produces image data, outputs 
the image data to monitor 26, and displays OCT image 26a on the screen. 
[0027] 

Computer 25 is connected with position controller 21. Computer 25 uses position 
controller 21 to control the position of uni£ixial stage 18. Computer 25 is also 
connected with video synchronous circuit 28. The computer stores tomogram data in 
internal memory in phase with the video synchronizing signals during imaging. 
[0028] 

The video synchronizing signals of video synchronous circuit 28 is sent to galvanometer 
controller 20, and to rotary drive 13 respectively. Galvanometer controller 20, for 
example, outputs drive signals periodically in phase with the video s5rnchronizing 
signals (more precisely, first high-speed video synchronizing signals of two video 
synchronizing signals: high-speed and low-speed signals). Rotary drive 13 outputs 
drive signals periodically in phase with the video synchronizing signals (more precisely, 
second low-speed video synchronizing signals) so that the drive signals may be 
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synchronized with the first video synchronizing signals. Rotary drive 13 turns the 
optical probe, in order to scan the living tissue with light in the circumferential 
direction. 
[0029] 

In the first embodiment, as shown in Fig. 2, optical scanning probe 8 is passed through 
forceps insertion port 32 of endoscope 31, and through the forceps insertion channel so 
that the distal end of optical scanning probe 8 can project from the distal end opening of 
the forceps insertion channel. 
[0030] 

Endoscope 31 has an elongate flexible insertion part 33 which is easy to introduce into 
the patient's body cavity. Thick handle 34 is provided at the rear end of insertion part 
33. Forceps insertion port 32 is provided close to the rear end of insertion part 33. 
Forceps insertion port 32 internally communicates with the forceps insertion channel. 
[0031] 

A light guide (not shown) is passed through insertion part 33. The incident end of this 
light guide is connected to a light source. Light is sent from the Ught source, and 
emitted firom the lighting port provided in the distal end part of insertion part 33, in 
order to light the diseased part or the like. An observation port is provided adjacent to 
the lighting port. An objective optical system is mounted on the observation port so 
that with the optical system, the doctor can observe the Ughted diseased part or the like. 
While observing with the observation optical system in the distal end part of endoscope 
31, the doctor uses optical scanning probe 8 to irradiate living tissue 11 in the diseased 
part and other target parts, with low-interference light. Thus, tomogram data 
regarding the inside of living tissue 11 is obtained so that OCT image 26a can be 
displayed on the screen of monitor 26. 
[0032] 

Curve 35 and (endoscope) distal end part 36 are provided in the distal end part of 
insertion part 33, On occasions when optical scanning probe 8 is passed through 
curve 35, and when distal end 37 of optical scanning probe 8 projects fi:om endoscope 
distal end part 36 so that the distal end may touch living tissue 11, distal end part 36 of 
optical scanning probe 8 is bent with a small radius of curvature, as shown in Fig. 2. 
[0033] 

Fig. 3 shows a composition of optical scanning probe 8, and rotary drive 13 of the 
observation device to which optical scanning probe 8 is detachably connected. 
As shown in Fig. 3, optical scanning probe 8 comprises: an optical sheath 38 formed of 
elongate tubular resin; connector 9 which detachably connects optical sheath 38 to 
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rotary drive 13; a flexible shaft 40 provided inside optical sheath 38, for transmitting 
torque by smooth rotation; fourth single mode fiber 10 provided in the lumen of flexible 
shaft 40; a lens unit 39 connected at the distal end of flexible shaft 40; a torque 
transmission connector 42 connected at the rear end of flexible shaft 40; and an optical 
connector 41 connected at the rear end of fourth single mode fiber 10. 
[0034] 

Rotary drive 13, to which the rear end of optical scanning probe 8 is connected, has a 
hollow rotary shaft 43, and optical rotary joint 6 connected at the rear end of rotary 
shaft 43. Optical connector 41 is provided in the distal end part of rotary shaft 43. 
Optical rotary joint 6 are connected with optical connector 41, by third single mode 
fiber 7 placed in the hollow part of rotary shaft 43. 
[0035] 

Rotary drive 13 includes: a motor 44 which turns rotary shaft 43; and an encoder 45 
which detects rotation of rotary shaft 43. Belt 46 is stretched over motor pulley 44a 
mounted on the rotary shaft of motor 44, over encoder pulley 45a mounted on the rotary 
shaft of encoder 45, and over rotary shaft 43. 

Motor 44 and encoder 45 are connected to rotary drive controller 48. 
[0036] 

Action of rotary drive 13 is described below. Torque of motor 44 is transmitted to 
motor pulley 44a, and transmitted by belt 46 to rotary shaft 43 and encoder pulley 45a. 
Encoder 45 detects rotating speed of rotary shaft 43. Rotary drive controller 48 
controls drive current of motor 44 so that rotating speed may be kept at a 
predetermined speed. Thus, rotary shaft 43 steadily rotates at the predetermined 
speed. The rotating angle of rotary shaft 43 is detected by encoder 45, Signal 49 is 
sent, through rotary drive controller 48, to video synchronous circuit 28, 
[0037] 

Signal 49 comprises: a phase A signal 49a which is one of 256 pulses into which one 
turn is divided; a phase B signal 49b which is 45 degrees out of phase to phase A; and a 
one-turn signal 49c which is one pulse per turn. 
[0038] 

Action of optical scanning probe 8 is described below. Light is sent by third single 
mode fiber 7, and sent by optical connector 41, to fourth single mode fiber 10. Rotation 
of rotary shaft 43 is transmitted by torque transmission connector 42, to flexible shaft 
40, 

[0039] 

Light is sent by fourth single mode fiber 10 to lens unit 39, and passed through optical 
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sheath 38. As an inspection ray, the Ught is emitted from the optical sheath to the 
outside. Reflection from the Uving tissue is received and sent to fourth single mode 
fiber 10. Since the distal end of flexible shaft 40 is connected to lens unit 39, flexible 
shaft 40, lens unit 39, and fourth single mode fiber 10 form an integrated unit, and 
rotate together. 
[0040] 

Fig. 4 shows a detailed composition of optical scanning probe 8. Optical sheath 38 
comprises: a flexible resin tube 50a; and a distal end member 50b made of substantially 
the same resin as the resin tube, for example, for closing a distal end opening of resin 
tube 50a. Distal end member 50b is joined with resin tube 50a, by heat fusion, for 
example. 
[0041] 

Lens unit 39 comprises: a prism 51 used as an emission- turning means for turning 
emission of low-interference hght; a Faraday rotator 52 (F araday rotor) for turning the 
plane of polarization of low-interference hght; a GRIN lens 53 (refiractive index 
distribution type lens) for condensing light; and a lens frame 54 holding them. Fourth 
single mode fiber 10 is bonded to ferrule 55, with adhesive 57 at the rear end of ferrule 
55. 

[0042] 

Lens unit 39, ferrule 55, and flexible shaft 40 are connected by hoUow connector 
member 56. The distal end of flexible shaft 40 is inserted into connector member 56, 
and bonded with adhesive 58 for hnkage and fixation. 
[0043] 

Low-interference light is sent along central axis O of fourth single mode fiber 10, and 
emitted from fiber end 10a at the distal end of foxirth single mode fiber 10. The 
emitted hght is incident on GRIN lens 53 opposed to the fiber end. The incident light 
is condensed by the GRIN lens, turned by prism 51 at right angles, and passed through 
sheath 50a to form observation beam 62. The observation beam is focused on focus 63 
at distance 59 fi:om the outside surface of sheath 50a, for example. 

It should be noted that on the distal side of optical sheath 38, more precisely, in that 
part of the optical sheath which is opposed at least to prism 51, resin tube 50a is formed 
of high-transmittance material that transmits low-interference Ught. 
[0044] 

Fig. 5 shows a detailed composition of connector 9 and rotary drive 13. 
Connector 9 is composed as follows: 

Connector 9 enables attachment ring 66 to connect connector case 64 (case of connector 
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9) detachably to housing 65 of rotary drive 13. 
[0045] 

The rear end of resin tube 50a, which forms optical sheath 38, is connected to sheath 
connection 67 at the distal end of connector case 64. Inside connector case 64, shaft 
stopper 68 is provided which is connected to the rear end of flexible shaft 40. Bearing 
69 holds shaft stopper 68 and connector case 64 so that they can rotate. Two torque 
transmission pins 70 (see Fig. 10[B]) are provided at two opposed points on shaft 
stopper 68, in its circumferential direction, and opposed to each other. 
[0046] 

The lumen of shaft stopper 68 includes: single mode fiber 10; a ferrule 71 joined to the 
fiber end; and a spring receptacle 72. Ferrule 71 is fixed to optical connector 73. 
Spring 74 is provided between optical connector 73 and spring receptacle 72. Its 
elasticity presses spring receptacle 72 against shaft stopper 68. 
[0047] 

As shown in cross -sectional Fig. 6(A) taken along line A-A of Fig. 5, projections 72a and 
72b are provided on spring receptacle 72. Recesses 68a and 73a are provided on shaft 
stopper 68, and on optical connector 73, respectively, in order to prevent optical 
connector 73 fi'om carelessly rotating relative to shaft stopper 68. It should be noted 
that attachment ring 66 detachably connects both connector case 64 and connector 9, to 
housing 65 of rotary drive 13. 
[0048] 

Described in detail below is a composition of rotary drive 13 included in the observation 
device. 

Rotary shaft 76 is provided in the lumen of housing 65, and held by two bearings 77a 
and 77b so that the rotary shaft can rotate. Two torque transmission levers 79 are 
provided at one end of rotairy shaft 76 so that they are opposed to optical adapter 78. 
As shown in cross-sectional Fig, 6(B) taken along line B-B of Fig. 5, torque 
transmission levers 79 are provided at two opposed points (around the central axis) on 
rotary shaft 76 outside of optical adapter 78 so that the torque transmission levers may 
project forward. A torque transmission pin 70 is provided adjacent to each torque 
transmission lever 79 so that the torque transmission pin may project backward. 
When turned, torque transmission lever 79 pushes torque transmission pin 70 adjacent 
in the circumferential direction, and rotates together with the torque transmission pin. 
Torque can be thereby transmitted. 
[0049] 

Pulley 80 is provided at the rear end of rotary shaft 76. On pulley 80, U-shaped groove 
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82 is provided which turns a rotary pin of optical rotary joint 6, as shown in Fig. 6(C). 
Elastic material 83 is provided between U-shaped groove 82 and the rotary pin. 
Optical fiber cable unit 85 is provided in the lumen of rotary shaft 76, between optical 
adapter 81 mounted on the front end, and optical adapter 84 provided at the rear end. 
[0050] 

Optical fiber cable unit 85 comprises: an optical connector 86 connected with optical 
adapter 81; an optical connector 87 connected with optical adapter 84; and a single 
mode fiber 88 which connects optical connector 87 with optical connector 86. Optical 
connector 89 of optical rotary joint 6 is connected by optical adapter 84, to optical 
connector 87. 

Housing 65 has a connector joint into which connector 9 is inserted for connection. In 
the connector joint, switch 92 is provided, and insertion detection lever 91 is also 
provided which can pivot on axis 90. *When connector 9 is not inserted into the 
connector joint, the state is shown by dotted lines in Fig. 5. Inserting connector 9 into 
the connector joint, as shown by solid lines, turns insertion detection lever 91. Switch 
92 is thereby turned ON. 
[0051] 

In this embodiment, connector 9 may be connected to the connector joint of rotary drive 
13. In such cases, even if the rotary shaft of rotary shaft 76 is not strictly ahgned with 
the rotary shaft of shaft stopper 68 on the connector 9 side, the deviation of the parallel 
rotary shafts from each other will be canceled because a gap is provided between spring 
receptacle 72 and shaft stopper 68. 
[0052] 

Spring receptacle 72 and shaft stopper 68 are kept in contact with sphere 68a which is 
a soUd of revolution, with respect to the rotary shafts. The difference in angle between 
the rotary shafts can be thereby canceled. 
[0053] 

Fig. 7(A) shows connector 9 cleaned and stored. 

Waterproof cap 93 is connected by attachment ring 66, to connector case 64. 
Waterproof seal 94 of elastic material is provided between waterproof cap 93 and 
connector case 64, to form a watertight structure. Optical connector cleaner 95 is 
provided in that part of waterproof cap 93 which faces ferrule 71, in order to prevent 
the optical fiber end of ferrule 71 firom being damaged or contaminated. The optical 
connector cleaner keeps the optical fiber end clean. 
[0054] 

On waterproof cap 93, watertight test cap 96 is provided, and O-ring 97 is provided 
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which keeps water tightness of watertight test cap 96 and waterproof cap 93. A 
procedure of removing watertight test cap 96, pumping the air with pressure, and 
judging whether or not optical scanning probe 8 leaks the air, generally, is used to 
check water tightness of optical scanning probe 8. 
[0055] 

Fig. 7(B) shows the connector joint in rotary drive 13 when connector 9 has not yet been 

inserted into the connector joint. 

[0056] 

Connector cap 101 is pressed against housing 65, in order to protect the doctor from 
touching housing 65 when the housing is unused. Dustproof cap 102 is provided in 
that part of connector cap 101 which is in contact with optical adapter 78. 
[0057] 

A spring (not shown) turns and presses insertion detection lever 91 to the right. 
Switch 92 is thereby kept in the OFF state. 

Referring to Figs. 5, 7(A), and 7(B), action of optical connector 9 and rotary drive 13 is 

described below. 

[0058] 

A procedure of removing waterproof cap 93 from optical connector 9, removing 
connector cap 101 from housing 65, inserting connector case 64 into housing 65, and 
attaching connector case 64 to housing 65 with attachment ring 66, generally, is used to 
fix optical connector 9 to rotary drive 13. 
[0059] 

End part 64a of connector case 64 turns insertion detection lever 91 to the left 
(counterclockwise) around axis 90. Switch 92 is thereby turned ON. It is not until 
switch 92 is turned ON that motor 44 is energized. Torque of motor 44 is transmitted 
by motor p\illey 44a to belt 46, and transmitted by belt 46, to pulley 80 of rotary shaft 
76. 

[0060] 

Rotary shaft 76, optical adapter 78, optical fiber cable unit 85, optical adapter 84, 
optical connector 89 of optical rotary joint 6, and the rotary pin form an integrated unit, 
and rotate together. Torque transmission levers 79, provided on rotary shaft 76, 
pushes torque transmission pin 70, and transmits torque to shaft stopper 68 of 
connector 9. 

Optical connector 73 and shaft stopper 68 form an integrated unit, and are turned by 
projections 72a and 72b provided on spring receptacle 72. Torque of shaft stopper 68 
is transmitted to flexible shaft 40. 
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[0061] 

In general, the rotary shaft of shaft stopper 68 is not strictly ahgned with the rotary 
shaft of rotary shaft 76; the deviation of the parallel rotary shafts from each other, 
however, will be canceled because relative to the rotary shaft, a radial gap is provided 
between spring receptacle 72 and shaft stopper 68. 

Since spring receptacle 72 and shaft stopper 68 are kept in contact with sphere 68a, the 
difference in angle between the rotary shafts is canceled. Since elasticity of spring 74 
presses ferrule 71 against optical adapter 78, even if rotary shafts deviate from each 
other, optical fibers remain connected with each other. 
[0062] 

If the movement of insertion detection lever 91 turns switch 92 ON, and if the insertion 
of optical scanning probe 8 is detected, an indicator lamp (not shown) is Ut which 
indicates the emission of low-interference Ught. After a predetermined period of time, 
an interlock circuit (safety circuit which disables the hght source to emit light when the 
circuit is in the OFF state) of low-interference Ught source 2 is turned ON. Then, low- 
interference light is emitted. 
[0063] 

In this embodiment, if there is shaft misalignment, inappropriate obtuse angle, or 
axially loose bearing, between the rotary shaft of the rotary drive provided on 
observation device 27 and the rotary shaft of the torque transmission member provided 
on connector 9 of optical scanning probe 8, for turning the rotary tube, then the shaft 
deviation and other troubles can be canceled, in order to ensure that the optical fiber of 
observation device 27 can be steadily connected with the optical fiber of optical 
scanning probe 8. Torque is smoothly transmitted from the rotary shaft of the rotary 
drive to the rotary shaft of the torque transmission member. 
[0064] 

Even if the fiber ends of optical scanning probe 8 and observation device 27 are 
contaminated, the doctor can replace single mode fiber 88 detachably provided in the 
connection of observation device 27 and the optical probe, without re-grinding the fiber 
ends. Thus, steady optical connection can be kept without re-grinding the fiber ends. 
Only one stroke of mounting is needed to mount connector 9 on observation device 27. 
Conveniently, the doctor can connect torque transmission members and connect optical 
fibers simultaneously. 
[0065] 

(Second Embodiment) 

The second embodiment has the same objectives as the first. Fig. 8 shows a 
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composition of the major part of a connector, in the second embodiment. 
Described below are differences between the connector of Fig. 8 and the connector of Fig. 
5. The second embodiment is substantially the same as the first, except for the 
following differences. 

Instead of shaft stopper 68, shaft stopper 103 is provided. 
[0066] 

Ferrule 71 is connected to ferrule stopper 104. Connector housing 105 and ferrule 
stopper 104 can shde firom side to side. Ferrule stopper 104 is pressed by spring 106, 
to the right. 
[0067] 

The root of connector housing 105 is formed in a taper shape, and kept in contact with 
R-shaped part 108 of slider 107 made of sUding plastic like delrin provide on shaft 
stopper 103. 

Since the taper shape is in contact with the R shape, connector housing 105 can move 

slightly relative to the rotary shaft of shaft stopper 103. 

[0068] 

As shown in cross-sectional Fig. 8(B) taken along Une C-C, connector housing 105 has a 
flat surface 109. Rotation prevention pin 110 is provided on shaft stopper 103. 
Connector housing 105 and shaft stopper 103 form an integrated unit, and rotate 
together. In reahty, however, since there are gaps between shaft stopper 103, connector 
housing 105, and rotation prevention pin 110, connector housing 105 can move slightly 
relative to shaft stopper 103. 
[0069] 

As in Fig. 5 of the first embodiment, even if rotary shaft misalignment occurs between 
rotary shaft 76 and optical connector 9, the deviation can be canceled. 
The second embodiment has the following effects. 
[0070] 

In addition to effects of the first embodiment, low costs are advantageous to the second 
embodiment. Costs can be reduced, because to build the second embodiment, 
commercially available optical connector parts like FC connectors can be used as 
connector housing 105, ferrule stopper 104, ferrule 71, spring 106, and other 
components. 
[0071] 

(Third Embodiment) 

A third embodiment of the present invention is described below. The third 
embodiment has the same objectives as the first. 
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Fig. 9 shows a composition of a connector and a connector joint of an observation device, 

in the third embodiment. 

[0072] 

The third embodiment shown in Fig. 9 differs from the first embodiment shown in Fig. 
5, in that the first embodiment has optical adapter 78 of rotary drive 13 and rotary 
shaft 76 which form an integrated unit and rotate together; whereas the third 
embodiment has components fixed. 

In the third embodiment, torque transmission pin 70 in Fig. 5 is not provided on shaft 
stopper 111 which is provided instead of shaft stopper 68 placed inside connector case 
64 in Fig. 5. 
[0073] 

Instead of rotary shaft 76 in Fig. 5, rotary shaft 114 is provided. Optical fiber adapter 
116 is provided in a lumen of rotary shaft 114. The distal end of optical fiber adapter 
116 defines optical adapter 117. Ferrule 118 is provided on optical adapter 117. 
[0074] 

Ferrule 119 is provided at the rear end of optical fiber adapter 116, and fixed by 
threaded part 120, to adapter 121. Adapter 121 is fixed to housing 65; therefore, 
optical fiber adapter 116 is also fixed relative to housing 65. 

Adapter 121 connects optical connector 122 with ferrule 119. Single mode fiber 88 is 

passed through ferrule 118, and through ferrule 119, 

[0075] 

As shown in cross-sectional Fig. 10 taken along line D-D in Fig. 9, rear end part 112 
(distal end for attachment) of shaft stopper 111, and distal end part 115 of rotary shaft 
114 are placed adjacent to each other, alternately in the circumferential direction. 
Distal end part 115 and rear end part 112 transmit torque of rotary shaft 114 to shaft 
stopper 111. 

A plurality of rotation stopper 124 are provided in distal end part 115 of the rotary 
shaft. When connector 9 is not inserted into the connector joint, insertion detection 
lever 91 is held by a spring (not shown) at a position denoted by dotted lines. 
[0076] 

Since rotation stopper 124 interferes with insertion detection lever 91, rotary shaft 114 
will not rotate at any wider angle than a predetermined angle. Inserting connector 9 
into the connector joint causes insertion detection lever 91 to move to a position 
denoted by soUd lines; therefore, rotary shaft 114 can rotate without interfering with 
rotation stopper 124. A mechanical means for preventing rotation is thereby added to 
electrical rotation prevention by switch 92 which is turned OFF before connector 
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insertion. Such a composition effectively prevents the rotary part from catching other 

parts. 

[0077] 

In addition to the effects of the first embodiment, low costs are advantageous to the 
third embodiment. Costs can be reduced, because the optical connection of optical 
scanning probe 8 and rotary drive 13 acts as optical rotary joint 6 in the first 
embodiment. 
[0078] 

(Fourth Embodiment) 

An objective of the fourth embodiment is to prevent shaft misalignment, an 
inappropriate obtuse angle, and an axially loose bearing, between the rotary shaft of 
the rotary drive provided on the observation device and the rotary shaft of the torque 
transmission member provided on the connector of the optical probe, for turning the 
rotary tube, and to ensure that the observation-device optical fiber can be steadily 
connected with the optical fiber of the optical probe. Another objective of the fourth 
embodiment is to enable torque to be smoothly transmitted from the rotary shaft of the 
rotary drive to the rotary shaft of the torque transmission member! 
[0079] 

A further objective of the fourth embodiment is to ensure that only one connection is 
needed to function as a torque transmission member, and also as an optical connector 
of the torque transmission member and the optical scanning probe; therefore, such a 
simple structure can be built inexpensively. 

A yet further objective of the fourth embodiment is to enable costs to be reduced, 
because to build the fourth embodiment, commercially available optical connector parts 
like FC connectors can be used as optical connectors. 
[0080] 

Fig. 1 1 shows a structure of a connector and a rotary drive, in the fourth embodiment of 
the present invention. Described below are differences between Fig. 11 and Fig. 5. 
The fourth embodiment is substantially the same as the first, except for the following 
differences. 

Instead of connector case 64 in Fig. 5, connector case 125 is provided. Inside connector 
case 125, shaft stopper 68 is held by two bearings 69 of connector case 125 so that the 
shaft stopper can rotate. 
[0081] 

Connector case 125 is inscribed in slide pipe 126. SUde pipe 126 can sHde from side to 
side, relative to connector case 125, within Umits 127 denoted by dotted lines in Fig. 11. 
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[0082] 

Slide pipe 126 is fixed by attachment ring 66, to housing 65 of rotary drive 13. 
Rotation stopper 128 is provide on connector case 125; whereas slide oblong hole 129 is 
provided on slide pipe 126. Therefore, connector case 125 cannot possibly rotate 
together with shaft stopper 68. 
[0083] 

As shown in Fig. 12, projection 126a is provided at the rear end (distal end for 
attachment) of slide pipe 126 so that the projection may correspond to recess 65a 
provided on housing 65. The projection and the recess form a rotation stopper 
composition. In such a composition, when mounted by attachment ring 66 on housing 
65, sUde pipe 126 will not rotate relative to housing 65. 

Ferrule 71 is connected to optical connector housing 130. Optical connector housing 

130 is joined to shaft stopper 68. 
[0084] 

Rotary drive 13 in the fourth embodiment differs from the rotary drive in Fig. 5, in that 
no torque transmission levers 79 is present at the distal end of rotary shaft 76; whereas 
only optical adapter 78 is provided. As a rotation stopper, projection 131 is provided 
on optical connector housing 130. Optical adapter 78 has a recess 132 that 
corresponds to the projection. Optical connector housing 130 is mounted with 
setscrew 133, on optical adapter 78. 
[0085] 

Connection of optical adapter 78 and optical connector housing 130 enables torque to be 
transmitted from rotary drive 13. Torque is transmitted by a pair of rotary stopper 

131 and the recess. 

A procedure of sliding slide pipe 126 to limit 127, connecting optical connector housing 
130 and ferrule 71 to optical adapter 78, and tightening setscrew 133, generally, is used 
to connect connector 9 to rotary drive 13. 
[0086] 

Followed is a further procedure of inserting slide pipe 126 into housing 65, and fixing 
the sUde pipe with attachment ring 66. In the fourth embodiment, if the rotary shaft 
of shaft stopper 68 is not accurately aligned with the rotary shaft of rotary shaft 76, the 
shakes in rotating shaft may increase a loss significantly. It is necessary, therefore, to 
manufacture optical adapter 78, optical connector housing 130, shaft stopper 68, 
connector case 125, slide pipe 126, and other components with high positional accuracy 
relative to the rotary shaft. 
[0087] 
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In addition to the effects of the first embodiment, low costs are advantageous to the 
fourth embodiment. In the fourth embodiment, costs can be reduced, because only one 
connection is needed to function as a torque transmission member, and also as an 
optical connector of the torque transmission member and optical scanning probe 8, and 
because such a simple structure can be built inexpensively, and moreover, because 
commercially available optical connector parts like FC connectors can be used as 
optical connectors. 
[0088] 

(Fifth Embodiment) 

An objective of the fifth embodiment is to enable a rotary scanning image that has 
correct relationships between rotating angles and positions, even if the rotary tube 
rotates at uneven speed. 

Another objective of the fifth embodiment is to enable a continuous image by rotary 

scanning. 

[0089] 

Fig. 13 shows relationships between rotating angles of optical scanning probe 8 and 
timing for the use of an optical scanning means to scan the living tissue in the depth 
direction. 

As shown in Fig. 13(A), in order to drive galvanometer mirror 19 quickly, generally, 
drive is repeated in constant cycles. In such cases, the scanning period should be 
constant. In reaUty, however, flexible shaft 40 of optical scanning probe 8 will not 
rotate at constant speed, because of the resistance of curvature. 
[0090] 

Fig. 13(B) shows the truth schematically. Scanning directions for a stroke of depth 
scanning are denoted by lines tO through t7. From tO to t7, time intervals are 
constant; whereas the rotating speed is not constant. Therefore, angular intervals are 
wider fi:om hne tO to hne t4; whereas intervals are narrower fi'om Une t5 to Une t7. 
[0091] 

Fig. 13(C) shows depth-direction information which can be obtained by OCT, where the 
abscissa axis represents time t, and the ordinate axis represents OCT signals (OCT 
information). Information obtained by determining a period of time firom the point of 
time (fi:om tO to t7) when scanning mirror 19 is started, generally, corresponds to the 
OCT information in the depth direction. 

Fig. 14 shows a means which corrects the uneven speed of rotary scanning with optical 

scanning probe 8, and displays a corrected observation image, 

[0092] 
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As the X reception start signal, a scanning timing signal (which corresponds to a signal 
from to to t7 in Fig. 13) is received by frame memory 141, from galvanometer controller 
20. As intensity signal 142, the OCT interference signal is inputted by demodulator 
23 and analog-to-digital converter 24, to frame memory 141. A rotating angle of the 
optical scanning probe is detected by encoder 45. As a plane reception start signal, Z 
signal 49c for the rotating angle is received by frame memory 141, once per turn of the 
optical scanning probe. The Z signal is detected with reference to a . 
[0093] 

Output signals 49a, 49b, and 49c of encoder 45 are inputted to relative position- 
calculating means 143. The rotating angle of optical scanning probe 8 is thereby 
detected. Timing signal 144 from galvanometer controller 20 is also inputted to 
relative position-calculating means 143. It is possible, therefore, to calculate relative 
relationships between time from tO to t7 and rotating angles from 0 0 to 6 7 in Fig. 
13(B). 
[0094] 

Relationships between scanning timing and probe rotating angles is sent from relative 
position-calculating means 143. Based on their relationships, observation image data 
146 is calculated by interpolation means 145, using the information stored in frame 
memory 141. Calculations are then stored in frame memory 147. As the OCT image, 
the calculations are displayed on the screen of monitor 26. 
[0095] 

Action is described below. 

Frame memory 141 is a memory which can process a set of many serial one- 
dimensional pieces of information, and which can store two-dimensional data as an 
array of many one- dimensional pieces of information. Z signal 49c of encoder 45 starts 
to store new two-dimensional information. 
[0096] 

When scanning start timing signal 144 is inputted from galvanometer controller 20 to 
the frame memory, the frame memory starts to store an array of one-dimensional 
pieces of information. Whenever input of timing signal 144 causes one stroke of depth 
scanning, the frame memory will store an array of one-dimensional pieces of 
information. 
[0097] 

Relative position-calculating means 143 has information on what rotating angle (from 
0 0 to Q 1) is used to scan the Uving tissue in the depth direction (from tO to t7, 
respectively). If the doctor attempts to produce image t' at the rotating angle (0 1*) at 
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regular intervals shown in Fig. 13(D), relative position-calculating means 143 sends, to 
interpolation means 145, information on what angle ( a ) is used between what 
scanning (tO) and what scanning (tl). 
[0098] 

From frame memory 141, interpolation means 145 reads and interpolates two or more 
scanning signals close to each other, in order to provide information in a desired 
direction. 

Available interpolation methods include a simple method of proportional distribution 
based on the proximity of angles, a polynomial method, and a spline curve method. 
While converting the interpolated signals into signals that can be displayed radially, 
interpolation means 145 stores the display signals in frame memory 141. 
[0099] 

The closer to the center of rotation, the denser the information. Since only sparse 
information exists in a far area, part of the image for the far area is interpolated by the 
same technique, and a smooth uniform image is displayed. 
[0100] 

In reality, in order to produce images on a real-time basis, relative position- calculating 
means 143 calculates signals from information on the previous turn. In order to 
display the calculated signals in the shortest possible period of processing time, the 
moment frame memory 141 writes the OCT intensity signals, interpolation means 145 
reads frame memory 141, and almost simultaneously interpolation means 145 writes 
the converted signals to frame memory 141. 

Frame memory 141 needs capacity enough to store an array of pieces of information on 

scanning only several times. 

[0101] 

Figs. 15(A) and 15(B) show another method. 

In contrast to the method in Fig. 13, a method is shown which uses a high-speed 
variable scanning means to issue a scanning start signal (from tO to tl) whenever 
encoder 45 detects a turn by an angle of A 0 at regular intervals, in order to scan the 
Uving tissue in the depth direction. 
[0102] 

This method eliminates the inconsistencies of rotating angles with depth scanning 

timing. This method can display a correct image without using such a high-speed 

processing means as interpolation means 145 shown in Fig. 14. 

[0103] 

[Notes] 



23 



1. An optical imaging device comprising an optical scanning probe for irradiating an 
object with low-interference light, and for receiving light scattered from the object, and 
an observation device detachably connected to said optical scanning probe, for 
producing a tomogram of the object, from optical information received from said optical 
scanning probe, said optical scanning probe comprising: 

a sheath having an almost overall length part formed of flexible resin tube, and at least 
a distal end formed of high-transmittance material, said distal end having no opening, 
a housing provided at the proximal end of said sheath, and a means for detachably 
mounting said housing on said observation device, 

a flexible pipe member provided in said sheath so that said pipe member can rotate 
around a longitudinal axis, 

a torque transmission member provided in the proximal end part of said pipe member, 
a rotary bearing means holding said torque transmission member in said housing so 
that said torque transmission member can rotate, 

a single mode fiber provided in said flexible pipe member, said single mode fiber having 
a distal end part fixed to a distal end of said pipe member, said single mode fiber 
provided so that light may be emitted from a low-interference light source, and incident 
on the proximal end surface of said single mode fiber, 

a lens provided at the distal end of said fiber, for condensing light emitted from said 
fiber, 

an emission path-changing means fixed to said lens, for changing an optical path of 
emission, 

a fiber end fixer means provided in the proximal end part of said fiber, and 

an elastic means provided between said fiber end fixer means and said torque 

transmission member; 

said observation device comprising: 

a rotary drive for exerting torque on said torque transmission member of the optical 
probe, and 

an optical connector means provided on said observation device, for connecting a 
transmission reception fiber to said single mode fiber of the optical probe, said 
transmission reception fiber capable of sending and receiving observation light, 
wherein when said detachably mounting means connects said observation device with 
the optical probe, said elastic means of the optical probe presses said fiber end fixer 
means against said optical connector means, to produce optical connection. 
[0104] 

1-1. The optical imaging device according to note 1, wherein said elastic means 
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comprises an elastic material and a holder means for holding said elastic material. 
1-2. The optical imaging device according to note 1, wherein any one of said fiber end 
fixer means, said elastic means, and torque transmission member has a radial gap 
(with respect to the rotary shafts) which enables rotation even if rotary shafts are 
parallel, not aligned with each other. 
[0105] 

1-3. The optical imaging device according to note 1, wherein any pair of said fiber end 
fixer means, said elastic means, and torque transmission member, have bearings that 
enable rotary shafts to rotate with an angle formed between the rotary shafts. 
1-3-1. The optical imaging device according to note 1-3, wherein said bearings are 
spherical bearings. 

1-3-2. The optical imaging device according to note 1-3, wherein bearings have such a 

composition that the curved surface is in contact with the taper shape. 

1-4. The optical imaging device according to note 1, further comprising a rotation 

regulation member that inhibits said fiber end fixer means firom rotating at wider angle 

than a predetermined angle, relative to said torque transmission member. 

[0106] 

(Action of Note 1 Group) In the composition of note 1, while pressed against the 
optical fiber end of the observation device, the optical fiber end of the optical probe 
rotates; therefore, optical fibers are connected with each other, whether or not there is 
shaft misaUgnment, inappropriate obtuse angle, or axially loose bearing, between the 
rotary shaft of the rotary drive provided on the observation device and the rotary shaft 
of the torque transmission member for turning the rotary tube. 
[0107] 

(Objective of Notes 1-2 and 1-3) To enable torque to be smoothly transmitted from the 
rotary shaft of the rotary drive to the rotary shaft of the torque transmission member. 
(Action of Note 1-2) Even if there is misalignment of rotary shafts, the deviation of the 
parallel rotary shafts fi:om each other will be canceled by a radial gap with respect to 
the rotary shaft; therefore, torque can be smoothly transmitted firom the rotary shaft of 
the rotary drive to the rotary shaft of the torque transmission member. 
(Note 1-3) Even if there is an inappropriate obtuse angle between the rotary shafts, 
the deviation of tilt angles wiU be canceled by bearings; therefore, torque can be 
smoothly transmitted firom the rotary shaft of the rotary drive to the rotary shaft of the 
torque transmission member. 
[0108] 

2. A system of an optical probe and an observation device for irradiating an object 
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with low-interference light, and for producing a tomogram of the object, from 
information on light scattered from the object, said optical probe and said observation 
device used for an optical imaging device, 
said optical probe compiising: 

a sheath having an almost overall length part formed of flexible resin tube, and at least 
a distal end formed of high-transmittance material, said distal end having no opening, 
a housing provided at the proximal end of said sheath, and a means for detachably 
mounting said housing on said observation device, 

a flexible pipe member provided in said sheath so that said pipe member can rotate 
around a longitudinal axis, 

a single mode fiber provided in said flexible pipe member, said single mode fiber having 
a proximal end part and a distal end part fixed to a proximal end and a distal end, 
respectively, of said pipe member, said single mode fiber provided so that light may be 
emitted from a low-interference Ught source, and incident on the proximal end surface 
of said single mode fiber, 

a lens provided at the distal end of said fiber, for condensing light emitted from said 
fiber, 

an emission path-changing means fixed to said lens, for changing an optical path of 
emission, 

a fiber end fixer means provided in the proximal end part of said pipe member, for 
fixing said fiber proximal end part, and 

a rotary bearing means for holding said fiber end fixer means to said housing so that 
said fiber end fixer means can rotate, 
said observation device comprising: 

a rotary drive for exerting torque on said pipe member of said optical probe, and 
an optical connector means provided on said observation device, for connecting a 
transmission reception fiber to said single mode fiber of said optical probe, said 
transmission reception fiber capable of sending and receiving observation hght, 
wherein on said fiber end fixer means of said optical probe, a fiber end attachment 
means is provided which detachably connects the fiber end with said optical connector 
means, and wherein said rotary drive of said observation device turns said optical 
connector means. 
[0109] 

2-1. The optical imaging device system according to note 2, wherein said housing- 
mounting means detachably connects said housing to said observation device so that 
said housing can move along the rotary shaft of said fiber end fixer means. 
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(Objectives of Notes 1 and 2) To ensure steady connection of the observation-device 
optical fiber and the optical fiber of the optical probe, even if there is shaft 
misalignment, inappropriate obtuse angle, or axially loose bearing, between the rotary 
shaft of the rotary drive provided on the observation device and the rotary shaft of the 
torque transmission member for turning the rotary tube provided on the connector of 
the optical probe. 

(Objective of Note 2-1) To facilitate attaching the fiber end fixer means to the optical 

connector means. 

[0110] 

(Action of Note 2) In the composition of note 2, the optical fiber end of the optical 
probe is certainly connected by the fiber end attachment means, to the optical fiber end 
of the observation device. The rotary shaft of the rotary drive provided on the 
observation device is simultaneously certainly connected with the rotary shaft of the 
torque transmission member for turning the rotary tube. Such a composition 
eliminates shaft misalignment, inappropriate obtuse angle, or axially loose bearing of 
both rotary shafts. With optical fibers certainly connected, the tube can be turned. 
[0111] 

3. A system of an optical probe and an observation device for irradiating an object 
with low-interference hght, and for producing a tomogram of the object, firom 
information on Ught scattered firom the object, said optical probe and said observation 
device used for an optical imaging device, 
said optical probe comprising: 

a single mode fiber for irradiating the object with low- interference light, and for 
receiving Ught scattered firom the object, and 

a means for detachably mounting, on the said observation device, said optical probe 
and optical elements for irradiating the living tissue with Ught fi:om said fiber provided 
in the distal end part of said optical probe, and for receiving the reflection, 
said observation device comprising: 

a first single mode fiber provided on the object Ught side of a fiber interference system 
provided in said observation device, 

a second single mode fiber detachably optically connected to said first single mode fiber, 
and 

an optical connector means connecting said second single mode fiber to said single 

mode fiber of said optical probe. 

[0112] 

3-1. A system of an optical probe and an observation device for irradiating an object 
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with low-interference light, and for producing a tomogram of the object, from 
information on light scattered from the object, said optical probe and said observation 
device used for an optical imaging device, 
said optical probe comprising: 

a sheath having an almost overall length part formed of flexible resin tube, and at least 
a distal end formed of high-transmittance material, said distal end having no opening, 
a housing provided at the proximal end of said sheath, and a means for detachably 
mounting said housing on said observation device, 

a flexible pipe member provided in said sheath so that said pipe member can rotate 
around a longitudinal axis, 

a single mode fiber provided in said flexible pipe member, said single mode fiber having 
a proximal end part and a distal end part fixed to a proximal end and a distal end of 
said pipe member, said single mode fiber provided so that light may be emitted from a 
low-interference light source, and incident on the proximal end surface of said single 
mode fiber, 

a lens provided at the distal end of said fiber, for condensing light emitted from said 
fiber, and 

an emission path-changing means fixed to said lens, for changing an optical path of 
emission, 

said observation device comprising: 

a first single mode fiber provided on the object light side of a fiber interference system 

provided in said observation device, 

a rotary drive for exerting torque on said pipe member, 

a second single mode fiber provided in a lumen of said rotary drive, for rotating 
together with said rotary drive, 

a rotating optical joint connecting said second rotating single mode fiber with first fixed 
single mode fiber, 

a third single mode fiber detachably optically connected to said second single mode 
fiber, for rotating together with said rotary drive, and 

an optical connector means for connecting said third single mode fiber to said single 

mode fiber of said optical probe, 

[0113] 

(Background of Note 3) In order to clean and sterilize the optical probe, the 
connection is frequently detached between the optical fibers of an optical probe and an 
observation device, as shown in the Japanese Patent Application No. 9-313924. 
Frequent detaching leads to unavoidable damage to the fiber end surface and the 
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contact surface of fiber fixer member (ferrule). It is necessary to abut the fiber cores 
on the order of several micrometers, for OCT single mode fibers. Even slight damage 
to the fiber end surface, or narrow gap between the fiber ends due to the damage to the 
fiber fixer member, may cause a great loss of light, and aggravate the signal- to- noise 
ratio for observation. Variations in connection due to rotation may cause uneven 
intensity of the observation image. 
[0114] 

If damage occurs, it is only normal to re-grind the ferrule end surface that includes the 
fiber ends. If incorporated in an optical probe, an observation device and other 
medical instruments, however, the fibers are technically very difficult to re-grind. 
Many doctors are very ignorant about re- grinding. 

The optical rotary joint is a part that connects the fixed optical fiber with the rotating 
optical fiber incorporated in the observation device. In general, the optical rotary joint 
is so expensive that it is not economical to replace the slightly damaged fiber ends with 
new one. 
[0115] 

(Objectives of Note 3) To ensure steady connection of the observation-device optical 
fiber with the optical fiber of the optical probe without re-grinding the fiber ends, even 
if the fiber ends in the connection of the optical probe and the observation device are 
contaminated. 

(Action of Note 3) The second detachable single mode fiber is provided in the 
connection of the observation device with the optical probe. If the connected fiber ends 
of the observation device are contaminated, the doctor replaces the second single mode 
fiber with new one, in order to ensure steady optical connection without re-grinding the 
fiber ends. 

4. An optical imaging device for irradiating an object to be examined with low 
interference light and for constituting a tomographic image of the object to be examined 
from information about the light scattered by the object, comprising 
a sheath composed of a flexible resin tube; 

a flexible pipe member disposed rotatably around a longitudinal axis in said sheath; 
a fiber formed with a single mode fiber disposed in said flexible pipe member, having 
its base end section and tip section affixed, respectively, to a base end and a tip of said 
pipe member and the base end being disposed so that the light emitted firom a low 
interference fight source enters therein; 

a lens disposed at said tip of the fiber for collecting a light emitted firom the fiber; 

an optical probe having an emitted light path change means afELxed to said lens for 
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changing the optical path of an emitted light; 

a rotation driving device for affording rotation force to the pipe member of the optical 
probe; 

an angle detection means for detecting the rotation angle of the pipe member; 
a scan means connected to the optical probe for interfering the low interference Ught 
returned from the object to be examined and a reference light and, at the same time, for 
scanning said interference position axially in respect of the optical axis by changing the 
transmission time; 

a scan timing detection means for outputting the scan timing of the scan means; 
an interference signal acquisition means for acquiring an interference signal; and 
an image composition means for displaying on a display device interference signal 
information, at a linear position extending from the image center, corresponding to the 
rotation angle obtained from the angle detection means when the scan timing detection 
is detected. 

4-1. An optical imaging device, comprising 

a recording means for recording an interference signal obtained by scanning with a 
scan means based on a scan timing; 

a function computation means for computing the relation between the scan timing and 
a rotation angle obtained from the scan timing and an angle detection means; and 
a image composing means for obtaining scan timing information corresponding to the 
predetermined rotation angle using the function computation means, obtaining from 
the recording means interference signal recording information based on the scan 
timing information and displaying such information on a display device; characterized 
by that 

the image composing means changed the predetermined rotation angle and displays 
the obtained interference signal at a position corresponding to the rotation angle, as 
luminance variation on the display device. 

4-1-1. The system of the supplementary note 4-1, wherein the image composing 
means generates a corresponding interference signal by complementing with a 
mathematics approach, from recording information corresponding to a plurality of 
scans, based on scanning timing information to be displayed. 

4-1-2. The system of the supplementary note 4-1, wherein the recording means is a 
digital memory recording a plurality of one dimensional information. 
5. An optical imaging device for irradiating an object to be examined with low 
interference light and for constituting a tomographic image of the object to be examined 
from information about the light scattered by the object, comprising 
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a sheath composed of a flexible resin tube; 

a flexible pipe member disposed rotatably around a longitudinal axis in said sheath; 
a fiber formed with a single mode fiber disposed in said flexible pipe member, having 
its base end section and tip section affixed, resp^ectively, to a base end and a tip of said 
pipe member and the base end being disposed so that the light emitted from a low 
interference light source enters therein; 

a lens disposed at said tip of the fiber for collecting a light emitted fi:om the fiber; 

an optical probe having an emitted light path change means affixed to said lens for 

changing the optical path of an emitted light; 

a rotation driving device for affording rotation force to a the pipe member of the optical 
probe; 

an angle detection means for detecting the rotation angle of the pipe member; 
a scan means connected to the optical probe for interfering the low interference light 
returned firom the object to be examined and a reference light and, at the same time, for 
scanning said interference position axially in respect of the optical axis by changing the 
transmission time; and 

an interference signal acquisition means for acquiring an interference signal; 
characterized by that : 

when the predetermined angle is detected by the angle detection means, the scanning 
means changes the interference position and obtains the interference signal, while the 
image composing means changed the predetermined rotation angle and displays the 
obtained interference signal at a position corresponding to the rotation angle, as 
luminance variation on the display device. 
(Background of supplementary notes 4 and 5) 

(Conventional arts opposed to the supplementary notes 4 and 5) Japanese Patent 
Publication HEI 6-511312 or Japanese Patent Application 9-3139 disclose a probe 
comprising a rotation tube including an optical fiber and an optical element inside in 
respect of an external tubular sheath for inserting into the body cavity, for rotating the 
orientation of illumination light and observation light, by the rotation tube rotation, 
and scanning. 

During it rotation scanning, it scans the interference position in the light emitting 
direction, obtains the interference signal, composes its rotation angle, interference 
position and interference signal intensity into a two-dimensional circumferential image 
and displays the same. 

In these arts, particularly when the optical probe is largely bent, the firiction between 
the sheath and the rotation tube makes the rotation tube rotation inconstant and the 
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rotation speed irregular. 

In general, for real time observation, the interference position is scanned with a high 
speed and constant scanning timing using mirror resonance vibration or the like. As a 
consequence, the angle interval of radial image information obtained by the 
interference position scanning is inconstant in response to the irregular rotation speed. 
(Object of the supplementary notes 4 and 5) To obtain a rotation scanning image 
wherein the relation between the rotation angle and the position is correct, even when 
the rotation tube rotation speed is irregular. 
(Object of 4-2) To obtain a continuous rotation scanning image. 
(Function of the supplementary notes 4-^5) 

The composition of the supplementary note 4 allows to obtain an observation image 
wherein the angle and interference correspondence is correct, by displaying 
interference signal corresponding to the detected rotation angle. 

The composition of the supplementary note 4-1 allows to obtain a continuous 
observation image by complementary operations, even if the angle position of obtained 
interference signal is scattered. 
[Effect of the Invention] 

As described above, according to the invention, an optical imaging device including an 
optical scanning probe for illuminating an object to be examined with a low 
interference Ught and receiving light scattered by the object and an observation device, 
to which said optical scanning probe is connected detachably, for constituting an 
tomographic image of the object from information of the light received through said 
optical scanning probe; comprising 

a sheath wherein at least its tips is made of good hght transmissive material; 

an attachment/removal means for attaching a housing disposed ath a base end of the 

sheath to the observation device; 

a pipe member rotatably disposed around the longitudinal axis in said sheath; 

an rotation force transmission member disposed at the base end section of said pipe 

member; 

a rotation holding member for holding the rotation force transmission member 
rotatably in the housing; 

a fiber formed with a single mode fiber disposed in said pipe member, having its tip 
section affixed to a tip of said pipe member and the base end being disposed so that the 
light emitted from a low interference light source enters therein; 
a lens for collecting a light emitted from said fiber tip; 

an emitted Ught path change means affixed to said lens for changing the optical path of 
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the emitted light; 

a fiber end fixing means disposed at a base end section of said fiber; 

an optical scanning probe having a resilient means disposed between said fiber end 

fixing means and the rotation force transmission member; 

a rotation driving device for affording rotation force to the rotation force transmission 
member of the optical probe; and 

an optical connection means for connecting obse3rvation light emitting and receiving 
fiber disposed on the observation device to the single mode fiber of the optical probe; 
wherein 

the fiber end fixing means is pressure connected to said optical connection means by 
the resilient means of said optical probe when said optical probe and said observation 
device are connected so as to rotated the fiber end of the optical scanning probe rotates 
biased to the fiber end of the observation device by the resihent means, ensuring an 
stable connection of both fiber ends by absorbing possible rotation axis off-set, 
inclination angle tilt and axial backlash of the like between the rotation axis of the 
rotation force transmission member and the rotation axis of the rotation driving device 
disposed in the observation device. 
[Brief Description of Drawings] 

Fig. 1 shows the composition of an optical imaging device according to a first 
embodiment of the present invention; 

Fig. 2 shows an endoscope to which an optical scanning probe in inserted with its 
optical scanning probe; 

Fig. 3 is a cross-section showing the composition of the optical scanning probe and a 
rotation driving device; 

Fig. 4 is a cross-section shown the detailed composition of the optical scanning probe; 
Fig. 5 is a cross-section showing the composition of a connection section between a 
connector section and the rotation driving section; 
Fig. 6 shows views of sections A-A, B-B and others of Fig. 5; 

Fig. 7 is a cross-section showing the state of the connector section during washing and 
conservation; 

Fig, 8 shows the composition of essential parts of the connector section and a section C- 
C according to a second embodiment of the present invention; 

Fig. 9 is a cross-section showing the composition of a connection section between a 
connector section and a rotation driving section according to a third embodiment of the 
present invention; 

Fig. 10 is a cross-section D-D of Fig. 9; 
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Fig. 11 is a cross-section showing the composition of a connection section between a 
connector section and a rotation driving section according to a fourth embodiment of 
the present invention; 

Fig. 12 shows a rotation detent mechanism between a slide pipe and a housing of Fig. 
11; 

Fig. 13 shows the relation between the depth direction scanning timing by the optical 
scanning means and the optical scanning probe rotation angle; 

Fig. 14 is a block diagram showing the composition of essential parts of a means for 
displaying the observation image by correcting irregular scanning speed in the 
rotational direction of the optical scanning probe; and 
Fig. 15 illustrates another method different from Fig. 14. 
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Optical imaging device 
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Low interference Ught source 
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First single mode fiber 
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Optical coupler 
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Second single mode fiber 
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Optical rotary joint 


7 


Third single mode fiber 
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Optical scanning probe 
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Connector section 


10 


Fourth single mode fiber 


11 


Organic tissue 


12 


Photodiode 


13 


Rotation driving device 
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Optical path length variable mechanism 


19 


Galvanometer mirror 
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Computer 


26 


Monitor 


27 


Observation device 


40 


Flexible shaft 
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Motor 
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64 


Connector case 
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Housing 


66 


Attachment ring 
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68 Shaft retainer 

69 Bearing 

70 Rotation transmission pin 

71 Ferrule 

72 Spring lodgment 

73 Optical connector 

74 Spring 

75 Rotation shaft 
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Abstract 

Problem to be Solved 

To provide an optical imaging device ensuring a stable connection between an optical 
scanning probe optical fiber and an observation device side optical fiber, 
notwithstanding off-set axis, angle deflection or axial .backlash between the rotation 
axis of a rotation force transmission means provided on a connector section of an optical 
scanning probe and the rotation axis of a rotation drriving means provided on an 
observation device. 
Means to Solve the Problem 

A stable connection between a base end of a fourth single mode fiber 10 and a tip of a 
single mode fiber 88, by attaching the base end of the fourth single mode fiber 10 
disposed inside a flexible shaft 40 in an optical scanning probe to an optical connector 
73 in a connector section 9, this optical connector 73 composing an observation device 
side rotation driving device, by the resilient force of a spring 74 in a spring lodgment 72 
in contact with a inner surface of a shaft retainer 68, inserting the single mode fiber 88 
therein, connecting to a rotation driven rotation shaft 76 by a sort of compression, and 
absorbing possible axial off-set, by a rotationally symmetric spherical section 68a of 
the inner surface of the shaft retainer 68. 
Selected Figure 
Fig. 5 



36 



Docket No.= 98P01577 



page ( 



1/ 14) 



Document Title: Drawing 
Fig.l 



Low-interference 
Light Source 



V-22 



26- 




Demodulator 




A/D 






26a 



oDo OS n 



Galvanometer 
Controller 



Video Synchro- 
nous Circuit 



Position 
Controller 



-21 



Docket No.= 9 8 P 0 1 5 7 7 



page ( 



2/ 1 4) 



Fig.2 




Docket No. = 9 8 P 0 1 5 7 7 



P«e« ( Z/ 14) 




Docket No. — 98P01577 



P^^^ ( 4X 14) 




Docket No. = 9 8 P 0 1 5 7 7 



page 



Fig.6 



ro ^ CD 

o CO 00 r-- 




Docket No. _ 9 g p 01_5_77 



page ( 1 / 1 4) 



Fig.7 

(A) 




Docket No. = 98P01577 



page ( ^ 4) 



Fig. 10 




Fig. 11 




9 13 



Docket No.= 98P01577 



page r ( n/ 14) 



Fig. 12 



126a 



.65a 



126 




Docket No. = 9 8 P 0 1 5 7 7 



page r ( -^2/ 14) 



Fig. 13 

(Position in the ^ 
depth direction] 




(D) 



t to tr 



Docket No. = 98P01577 



page ( 1 Z/ 1 4) 



Fig. 14 




141 



Frame Memory 
Plane Reception Start Signal 
X Reception Start Signal 
Intensity Signal 



145 



Relative Position- 
calculating means 




Interpolation Means 






\ 


-^146 

f 


147— 


Frame Memory 


\ 





26 




Docket No. = 98P01577 



page ( I 4y 14) 



Fig. 15 



(A) 

y 




Page / 




-e g I2« t T T ^ o o 
^<^i ^5 6 Jtg ^ -e <^ iiJ IS >: ^ ctii^S B ^ le A u r T ? t X , 



§ il § ^ 












B 










91^ 




zJs 











7|C 



ffi 1^ ^ ^ 















i^. ^ fic B 









|e ^ S ^ B 



2. 



Translation Docket No.98P1578 #1 

A. Request for filing a Intellectual Property AppUcation, and Assignment 

B. With this invention, device or design, I (or We) assign the right to obtain a patent, 
utiUty model or design patent in Japan and foreign countries to Olympus Optical 
Company. 

C. X Japan/ Foreign country 

D. Request^s department: Product Development Department, Endscope Division 
a stamp of Mr. Kaneko 

a stamp of Mr. Horii 
a stamp of Mr. Yoshino 

E. Law division/AppUcation division 
X Patent 

Utility model 
Design patent 
(Open publication) 

F. Proposed date: August 25, 1998 
DeadUne date of file : September 25,1998 
Reason: Outside clinical test 

G. Name (Provisional) 

A Light Imaging Apparatus 

H. Plan to file in the United States 

Yes Reserve x No 
Request for search at the filing 

Yes X No 
Request for examine at the filing 
Yes X No 

I. Assignor 



Address; 



Olympus Optical Co. Ltd., 

2-43-2 Hatagaya Shibuya-ku Tokyo 

Akihiro Horii 



Name: 



Employee #; 132563 
Name: Hitoshi Ueno 

Employee*; 135287 
Name; Syuhei lizuka 

Employee #; 144059 

J. Applicant: Olympus Optical Co. Ltd. 

K. Seal for Assign; Horii 
Seal for Assign; Ueno 
Seal for Assign; lizuka 

L. Summary of propose 

A transparent portion of an outside sheath in a light probe for OCT is made 
attachable for exchanging at a defected time. 



Superior a stamp of Mr. Sakagami 

Assigned(delegated) a stamp of Mr. Shigehara (substitution) 



a stamp of Mr. Nakano 
Business routine a stamp of Miss Yamaguchi 



Docket # 



98P01578 



Date of reception August 25, 1998 

Cord of field E420 

Assigned Group 

Outside agency IS 

Date of request for firing August 26, 1998 



•St 




1^- 



*«»«SE«tS 2 Tl 43 » 2 ^t';>n*Xit^x3g»iC^ttrt 



.3irL.:a..-f..7.j::...J.<|C.»--'-'--C../|.^ 




Translation Docket No.98P 1578 #2 



A. Request for filing an Application 



B. X Japan / Foreign country 



C. To: Ito-shin Patent Of&ce 



D. From: Olympus Optical Company Ltd., Intellectual Property & Legal Department 
A stamp of Mr. Nakano August 25, 1998 



E: Law division/Application division 
X Patent 

Utility model 
Design patent 
(Open publication) 

F. Desired filing date: September 25, 1998 

G. Name (Provisional) 

A Light Imaging Apparatus 

H. Request for search at the filing 

Yes X No 



Request for examine at the filing 
Yes X No 



1. Assignor 
Address; 

Name; 
Name; 
Name; 



Olympus Optical Co. Ltd., 

2-43-2 Hatagaya Shibuya-ku Tokyo 

Akihiro Horii 

Hitoshi Ueno 

Syuhei lizuka 



J. AppUcant: Olympus Optical Co. Ltd. 



K. Summary of propose 

A transparent portion of an outside sheath in a light probe for OCT is made 
attachable for exchanging at a defected time. 
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[Document Name] Specification 

[Title of Invention] Optical Scanning Probe Unit 

[Scope of Claims] 

[1] An optical scanning probe unit for optical imaging instruments, which forms 
tomographic images of an object by irradiating low-coherent light on the object and 
collecting data of light scattered fi:om the object comprising: 

a sheath comprising a resin tube having flexibility throughout most of the length and 
having its tip end formed of material with high Ught permeability, and 
optical emitter and receiver provided inside said tip end formed of material with high 
light permeability for emitting the light toward the sheath inside, irradiating the 
permeated light on the object located outside the sheath, and receiving the light 
reflected, scattered, or excited firom the object via the sheath, 

wherein at least the part provided with said optical emitter and receiver on the sheath 
is replaceable. 

[Detailed Description of Invention] 
[0001] 

[Technical Background] 

The present invention relates to an optical scanning probe unit for forming 
tomographic images of an object by irradiating low-coherent Ught on the object and 
collecting data of light scattered firom the object. 
[0002] 
[Prior Arts] 

Coherent- type OCT's (Optical Coherence Tomography) for obtaining tomographic 
images of an object using low-coherent light have been developed in recent years as an 
instrument for obtaining optical data inside tissues for diagnosis of living tissues, and 
one of such devices was disclosed in Patent Laid Open to Public Inspection No. 6- 
511312. 
[0003] 

Patent Laid Open to Public Inspection No. 6-511312 disclosed an optical scanning 
probe unit (hereinafter simply referred to as the 'optical probe' or the 'probe'), which is 
provided with an outer tubular sheath for insertion into a body cavity and a rotary tube 
incorporating optical fiber and optical element in it. 
[0004] 

Cleaning and sterilization required in use within a body cavity, however, cannot be 
conducted since no means for attaching and detaching the probe is provided in the 
disclosure. In addition, the optical element such as a prism at the tip end, which is 
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exposed against the outer sheath during rotation, may damage the hving body. 
[0005] 

On the other hand, Patent Application No. 9-313924 disclosed a detachable OCT optical 
probe. The probe is provided with a detachable connector part, and a transparent 
sheath is employed to cover and seal up to the optical element such as the prism at the 
tip end. 
[0006] 

[Problems to Be Solved by Present Invention] 

The prior art suffers from problems that when the endoscope with the probe inserted 
through its insertion opening is inserted into a body cavity or when the probe is bent, 
the rotating support for the optical element at the tip end comes into contact with the 
interior of the outer sheath and damages the interior, that optical characteristics of the 
outer sheath are degraded by irregular reflection of lights at the damaged portion, and 
that the observation quality is deteriorated as the OCT irradiation Ught emitted by the 
optical element and observation light reflected by the hving body are shielded, 
[0007] 

Even when the damage on the sheath does not coincide with the irradiation or 
observation light position, the damage appears at the location of observation Ught since 
the rotary sheath reciprocates against the outer sheath because of the bending shape of 
the probe. 
[0008] 

(Objects of Invention) 

Under such circumstances, it is an object of the present invention to provide an optical 
scanning probe which can obtain observation images using the same optical scanning 
probe by replacing the sheath without using a second optical scanning probe even when 
the sheath interior becomes damaged. 
[0009] 

[Means for Solving Problems] 

The means for solving problems is an optical scanning probe for optical imaging 
instruments, which forms tomographic images of an object by irradiating low-coherent 
Ught on the object and coUecting data of Ught scattered from the object comprising a 
sheath comprising a resin tube having flexibiUty throughout most of the length and 
having its tip end formed of material with high Ught permeabiUty, and optical emitter 
and receiver provided inside said tip end formed of material with high Ught 
permeabiUty for emitting the light toward the sheath inside, irradiating the permeated 
Ught on the object located outside the sheath, and receiving the Ught reflected, 
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scattered, or excited from the object via the sheath, wherein when the sheath interior 
becomes damaged, the damaged sheath alone may be replaced for continuous 
observation by making at least the part provided with said optical emitter and receiver 
on the sheath to be replaceable. 
[0010] 

[Embodiments] 

The embodiments of the present invention are described by using the reference 

drawings. 

(First embodiment) 

Figs. 1 through 8 relate to the first embodiment of the present invention. Fig. 1 
illustrates an overall construction of the optical imaging instrument provided with the 
optical scanning probe unit in accordance with the first embodiment of the present 
invention. Fig. 2 illustrates an endoscope through which the optical scanning probe 
unit is inserted. Fig. 3 illustrates the structure of the optical scanning probe unit and 
the rotation drive unit. Fig. 4 illustrates the structure of the optical scanning 
apparatus at the tip end side. Fig. 5 illustrates the structure of the optical scanning 
probe unit differing from that of Fig. 4. Figs. 6 and 7 illustrate yet other structures of 
the optical scanning probe unit at the tip end side. Fig. 8 illustrates the detailed 
structure of the connector unit. 
[0011] 

One of the objects of the embodiment is to provide an optical scanning probe unit which 
enables observation even when the interior of the outer sheath is damaged by making 
the sheath replaceable. 

It is also an object of the embodiment to provide an optical scanning probe unit whose 
outer sheath is resistant to damage by providing the retainer part of the optical 
element with a bending face part. 
[0012] 

It is also an object of the embodiment to provide an optical scanning probe unit which 
attenuates reflection of the inner surface of the outer sheath and prevents ghost by 
filling and sealing index matching water within the internal opening of the outer 
sheath. 

It is also an object of the embodiment to provide an optical scanning probe unit which 
attenuates reflection of the inner surface of the outer sheath and minimizes influence of 
irregular reflection caused by any damage by fiUing and sealing index matching water 
within the internal opening of the outer sheath. 
[0013] 
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It is also an object of the embodiment to provide an optical scanning probe unit which 
enables filling and sealing of index matching water after detachment or attachment by 
providing the detachment and attachment unit of the sheath with a water-tight seal 
and by providing the connector unit with a water inlet for pouring the index matching 
water. 

It is also an object of the embodiment to provide an optical scanning probe which 
shortens the length of rigid part by providing a joint of the rotaiy tube within the 
length of the optical fiber connecting member. 
[0014] 

The optical imaging instrument (or optical tomography imaging apparatus) lA shown 
in Fig. 1 is equipped with a low-coherent Hght source 2 such as ultra-high intensity 
light emitting diode (hereinafter abbreviated as the SLD) in an observation unit 27. 
The low-coherent light source 2 is characterized by emission of low-coherent light 
showing coherence within short distance range with wavelength of 1300 nm and 
coherent distance of approx. 17 /z m, for example. In short, it is the property that 
when the hght beam is divided to two and blended again, and when the difference 
between two optical path lengths from the branch to the blending point is relatively 
short and approx. 17 m m, it is detected as coherent light, and that when the optical 
path length is larger, it is detected as non-coherent light. 
[0015] 

The light from the low-coherent light source 2 enters an end of the first single mode 
fiber 3 and is transmitted to the other end face (tip end surface) side. The first single 
mode fiber 3 is optically jointed with the second single mode fiber 5 by an optical 
coupler unit 4 in the middle. Therefore, the light is branched by the optical coupler 
unit 4 into two. 
[0016] 

An optical rotary joint 6 for joining transmissible hghts with the non-rotary and rotary 
units is inserted at the tip end side (from the optical coupler unit 4) of the first single 
mode fiber 3, and a connector unit 9 of the optical scanning probe unit 8 in accordance 
with the first embodiment (hereinafter referring to as the 'optical scanning probe* or 
the 'optical probe') is detachably connected to the tip end of the third single mode fiber 
7 in the optical rotary joint 6 so that light fi-om the low-coherent light source 2 is 
transmitted to the fourth single mode fiber 10, which is inserted through the optical 
scanning probe 8 and driven to rotate, 
[0017] 

The transmitted light is irradiated from the tip end side of the optical scanning probe 8 
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to the living tissue 1 1 side, which is an object, while scanning. A part of reflected light 
scattered on or in the living tissue 11 is taken in and returns via the opposite optical 
path to the first single mode fiber 3, and a part of the returned hght is transmitted to 
the second single mode fiber 5 by the optical coupler unit 4 and enters an end of the 
second single mode fiber 5 into the photo diode 12, for example, as an optical detector. 
The rotor of the optical rotary joint 6 is rotated by the rotation drive unit 13. 
[0018] 

The tip end side from the optical coupler 4 of the second single mode fiber 5 is equipped 
with a variable mechanism 14 for optical path length for altering the optical path 
length of reference light. The variable mechanism 14 for optical path length is 
provided with the first optical path length changing means for altering the optical path 
length at high speed within the scanning range corresponding to the optical length for 
which the optical scanning probe 8 scans In the depth direction of the living tissue 11 
for specified scanning range, and the second optical path length changing means for 
altering optical path length for length difference between optical scanning probes 8 to 
offset the length difference when the optical scanning probe 8 is replaced. 
[0019] 

A grating 16 is attached on the uniaxial stage 18 along with the tip end of the second 
single mode fiber 5 with the grating 16 facing the tip end, and disposed via a coUimator 
lens 30 movable in the direction designated with the arrow a and lens 15. A 
galvanometer 19 rotatable by minute angles is attached via a lens 17 corresponding to 
the grating (or diffiraction grating) 16 as the fixst optical path length changing means, 
and the galvanometer mirror 19 is rotationally vibrated at high speed by a 
galvanometer controller 20 as shown with the sign b. 

[0020] The galvanometer mirror 19 is to allow the mirror of the galvanometer to reflect 
and to apply an AC drive signal to the galvanometer to vibrate the mirror attached on 
its movable part in rotational direction and at high speed. 

In short, in the optical scanning probe unit 8, the galvanometer controller 20 transmits 
a drive signal to the galvanometer in order for high-speed scanning for specified 
distance in the depth direction of the living tissue 11, and the signal drives the mirror 
to vibrate in the rotational direction and at high speed as shown with the sign b. 
[0021] 

The optical path length of the hght, emitted firom the end surface of the second single 
mode fiber 5 by the rotational vibration, and reflected by the galvanometer mirror 19 to 
return, varies according to the scanning range of the specified length scanned in the 
depth direction of the Uving tissue 11. 
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In other words, the galvanometer mirror 19 constitutes the first optical path length 
changing means for obtaining tomographic images in the depth direction. The optical 
path length changing means using the galvanometer mirror 19 is disclosed in 
SCIENCE Vol. 276, 1997, pp. 2037-2039. 
[0022] 

The second single mode fiber 5 and collimator lens 30 are provided on the uniaxial 
stage 18 movable in the optical axis direction as shown with the sign a, serving as the 
second optical path length changing means. 

The second single mode fiber 5 is provided with a fiber loop 29 for adjusting plane of 
polarization in order to eliminate the influence on double refiraction caused by fiber 
bending in the entire coherence system comprising fibers and in the optical scanning 
probe 8. 
[0023] 

On the other hand, the uniaxial stage 18 constitutes the second optical path length 
changing means for the optical scanning probe 8 in case of replacement of the optical 
scanning probe 8, the second optical path length changing means having a variable 
range of optical path length for ofEsetting the difference in optical path length of the 
optical scanning probes 8 replaced. In addition, it is provided with adjustment means 
for adjusting offset for imaging from the desired location (or the surface position on 
the Uving tissue 11 set to coherent state by changing the optical path length by the 
uniaxial stage 18 even when the tip end of the optical scanning probe 8 does not adhere 
to the surface of the living tissue) in order to obtain images in the depth direction 
beyond the optical path length by the galvanometer mirror 19. 
[0024] 

The uniaxial stage 18, provided with a motor for moving the stage, appHes a drive 
signal fi-om a position controller 21 to the motor, and moves in the direction designated 
with the sign a. 

The hght with its optical path length altered by the variable mechanism 14 for the 
optical path length is mixed at the coupler unit 4 in the middle of the second single 
mode fiber 5 with Ught leaked from the first single mode fiber 3, and the mixed light is 
received by the photo diode 12. 
[0025] 

The second single mode fiber 5 is set so that the optical path length firom the optical 
coupler unit 4 via the fourth single mode fiber 9 to the tip end of the optical scanning 
probe 8 and the living tissue 11 substantially equals to the optical path length of the 
hght transmitted via the second single mode fiber 5 and reflected on the galvanometer 
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mirror 19 on the uniaxial stage 18 with the uniaxial stage 18 set in the vicinity of the 

middle position of the variable range. 

[0026] 

The difference in length of the respective optical scanning probes 8 is offset by variably 
setting the position of the uniaxial stage 18 according to the optical scanning probe 8 
actually connected and used, and the optical path length on the reference hght side is 
cyclically altered by rotationally vibrating or merely vibrating the galvanometer mirror 
19 at high speed so that the reference light is interfered with the reflected light at the 
depth of the living tissue 11 having the same value as the optical path length. The 
reflected light at other depths becomes non-coherent. 
[0027] 

The signal photo-electrically converted by said photo diode 12 is amplified by the 
amplifier 22 and entered to the demodulator 23. The demodulator 23 extracts only the 
signal of the interfered light for demodulation, and the output is entered via the AID 
converter 24 to the computer 25. The computer 25 generates image data 
corresponding to the tomographic images, outputs it to the monitor 26, and displays an 
OCT image 26a on the screen. 

The computer 25, connected to the position controller 21, controls the position of the 
uniaxial stage 18 via the position controller 2. The computer 25, also connected to the 
video synchronization circuit 28, stores tomographic image data in the internal memory 
by synchronizing the video synchronous signal on imaging. 
[0028] 

The video synchronous signals of the video synchronization circuit 28 are respectively 
transmitted to the galvanometer controller 20, which in turn outputs a drive signal in 
the cycle synchronous to the video synchronous signal (or more specifically, the first 
high-speed video synchronous signal of high-speed and low-speed video synchronous 
signals), and to the rotation drive unit 13, which in turn outputs a drive signal 
synchronous to the first video synchronous signal in the cycle synchronous to the video 
synchronous signal (or more specifically, the second low-speed video synchronous 
signal) and scans the Ught in the circumferential direction by rotation of the rotation 
drive unit 13. 
[0029] 

The optical scanning probe 8 in accordance with the first embodiment may be inserted 
fi:om the forceps inlet 32 of the endoscope 31 via the forceps channel to project the tip 
end of the optical scanning probe 8 from the tip opening as shown in Fig. 2. 
The endoscope has a thin and flexible insertion unit 33 for facilitating insertion into a 
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body cavity, and a wide operation unit 34 is provided at the rear end of the insertion 
unit 33. A forceps inlet 32 is provided in the vicinity of the rear end of the insertion 
unit 33 and is in communication with the forceps channel in the interior. 
[0030] 

A light guide not shown in the figure is inserted through the insertion unit 33, and the 
incident side of the light guide is connected to the light source for transmitting 
illumination light to emit fi:om an illumination window provided at tip end of the 
insertion unit 33, and illuminating the affected part or the like. An observation 
window is provided adjacent to the illumination window and equipped with an 
objective optical system for enabling observation of the illuminated affected part with 
the optical system. With observation using the observation optical system at the tip 
end of the endoscope 31, low-coherent Ught is irradiated fi-om the optical scanning 
probe 8 on the Uving tissue 11 of the affected or the target part in order to obtain 
tomographic image data inside the living tissue 11 and to display the OCT image 26a 
on the screen of the monitor 26. 
[0031] 

The bending part 35 and (endoscope's) tip end unit 36 are provided at the tip end of the 
insertion unit 33. In inserting the optical scanning probe 8 via the bending part 35, or 
in projecting the tip end 37 of the optical scanning probe 8 firom the endoscope tip end 
unit 36 to come to contact with the living tissue 11, the tip end unit 36 of the optical 
scanning probe bends with small bending radius as shown in Fig. 2. 
[0032] 

Fig. 3 schematically shows the optical scanning probe 8 and rotation drive unit 13. 
As shown in Fig. 3, the optical scanning probe 8 comprises an optical sheath 38 
comprising a thin, cannular resin tube, a connector unit 9 for connecting the sheath 38 
to the rotation drive unit 13, a flexible shaft 40 provided inside the optical sheath 38 for 
fi-ee rotation and for transmitting the rotational force, a fourth single mode fiber 10 
provided in an internal opening of the flexible shaft 40, a lens \init 39 connected to the 
tip end of the flexible shaft 40, a rotation transmission connector 42 connected to the 
rear end of the flexible shaft 40, and an optical connector 41 connected to the rear end 
of the fourth single mode fiber 10. 
[0033] 

The rotation drive unit 13, to which the rear end of the optical scanning probe is 
connected, possesses a hoUow rotary shaft 43 and an optical rotary joint 6 connected to 
the rear end of the rotary shaft 43. An optical connector 41 is provided at the tip end 
of the rotary shaft 43, and the optical connector 41 and the optical rotary joint 6 are 
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connected by the third single mode fiber 7 disposed in the hollow part of the rotary 

shaft 43. 

[0034] 

The rotation drive unit 13 has a motor for rotating the rotary shaft 43 and an encoder 

45 for detecting rotation of the rotary shaft 43, and a belt 46 runs around the motor 

pulley 44a attached on the rotary shaft of the motor 44, the encoder pulley 45a attached 

on the rotary shaft of the encoder pulley 45a, and the rotary shaft 43. 

Furthermore, the motor 44 and the encoder 45 are connected to the rotary drive 

controller 48. 

[0035] 

The action of the rotation drive unit 13 is first described below. The rotation of the 
motor 44 is transmitted to the motor pulley 44a and to the rotary shaft 43 and the 
encoder pulley 45a via the belt 46. The encoder 45 detects the rotation speed of the 
rotary shaft 43 and controls the drive current of the motor 44 using the rotary drive 
controller 48 so that the rotation speed reaches the specified level, thereby rotating the 
rotary shaft 43 constantly at specified speed. The rotation angle of the rotary shaft 43 
is also detected by the encoder 45, and a signal 49 is transmitted via the rotary drive 
controller 48 to the video synchronization circuit 28. 
[0036] 

The signal 49 comprises a phase-A signal 49a, in which a full turn is divided by 256 
pulses, a phase-B signal 49b with phasal difference of 45 degrees from the phase A, and 
a full-turn signal 49c, in which a pulse exists for a full turn. 
[0037] 

The action of the optical scanning probe 8 is now described below. The light 
transmitted by the third single mode fiber 7 is fed by the optical connector 41 to the 
fourth single mode fiber 10. The rotation of the rotary shaft 43 is transmitted via the 
rotation transmission connector 42 to the flexible shaft 40. 
[0038] 

The fight transmitted to the fourth single mode fiber 10 is fed to the lens unit 39 and 
emitted \da the optical sheath 38 to the outside as examination Ught. The light 
reflected by the living tissue returns to the optical sheath 38 and is transmitted back to 
the fourth single mode fiber 10. Since the tip end of the flexible shaft 40 is connected 
to the lens unit 39, the flexible shaft 40, lens unit 39, and the fourth single mode fiber 
10 rotate altogether. 

The rear end side of the optical sheath 38 is structured to be detachably connected to 
the mouthpiece 87 provided on the sheath stopper 86 as hereinafter described in 



reference to Fig. 8. 
[0039] 

Fig. 4 (A) shows the structure of the optical scanning probe 8 in detail. The optical 
sheath 38 comprises a flexible resin tube 50a and a tip end member 50b comprising the 
same resin for closing the tip end opening of the resin tube 50a, said resin tube 50a and 
said tip end member 50b being joined by thermal welding, for example. 
The lens unit 39 comprises a prism 51 for altering the emission direction of the low- 
coherent light, a Faraday rotator (or Faraday rotor) 52 rotating on the plane of 
polarization of the low-coherent light, a converging GRIN lens 53, and a lens frame 54 
for holding these parts. The fourth single mode fiber 10 is attached to the ferrule 55 
with adhesive 57 at the rear end of the ferrule 55, 
[0040] 

The lens unit 39, ferrule 55, and flexible shaft 40 are connected by a hollow tie member 
56. The tip end of the flexible shaft 40 is inserted into the tie member 56 and adhered 
with adhesive 58 for fixed connection. 
[0041] 

The low-coherent light transmitted along the center axis O of the fourth single mode 
fiber 10 is emitted from the fiber end 10a at its tip end, entered the oppositely-disposed 
GRIN lens 53, converged by the GRIN lens 53, fed through the Faraday rotator 52, bent 
by right angle by the prism 51, transmitted through the sheath 50a to become an 
observation beam 62, and converged at the focus 63. 
[0042] 

The tip end side of the optical sheath 38, or more specifically the resin tube 50a facing 
the prism 51, is formed of material with high optical permeability to permeate low- 
coherent light. 
[0043] 

The position of the focus 63 at distance 59 from the outer surface of the sheath 50a may- 
be altered by changing the distance between the fiber end 10a at the tip end of the 
fourth single mode fiber 10 and the GRIN lens 53 (or by changing the value of the 
distance 59). Since the tie member 56 and the lens frame 54 rotate relative to the 
sheath 50 by the rotation of the flexible shaft 40, the lens frame corner 54a may 
frequently hit against the sheath inner surface 73 and cause damage. 
[0044] 

Since the total length of the flexible shaft 40 varies according to the insertion shape of 
the optical scanning probe 8, damage caused in contact between the lens frame corner 
54a and the sheath inner surface 73 may cross the observation beam 62, thus hindering 
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proper observation. 

In this case, the optical sheath 38 is replaced with a new optical sheath 38 to obtain 

proper observation images in Fig. 4 (A). 

[0045] 

Fig. 4 (B) shows another structure of the tip end unit. The optical sheath 38 comprises 
a flexible nylon tube 64 and an end cap 65 for closing the tip-end opening of the nylon 
tube 64, both of which are joined with adhesive agent. The njdon tube 64 has optical 
permeabiHty at least at the tip end side. 
[0046] 

A rounded cap 66 is connected to the tip end side of the lens frame 55 of the lens unit 39. 
The rounded cap 66 is provided with an opening 67 for permeating the observation 
beam 62. Since the lens frame 55 comes into contact with the sheath inner siu'face 73 
at the round part 72 of the rounded cap 66, the sheath inner surface 73 is resistant 
against damage by the rounded cap 66 during its rotation. 
[0047] 

The optical scanning probe 8 is provided with a lens frame 54 constituting a lens unit 
39 having specified optical path length with the tie member 56 via an space tube 68. 
[0048] 

The ferrule 55 of Fig. 4 (A) is replaced by a stepped ferrule 60 in Fig. 4 (B). The 
stepped ferrule 60 has at its rear end side a stepped part 70 with smaller diameter by 
grinding its periphery as steps, and the external diameter of the stepped part 70 is 
smaller than the internal diameter of the flexible shaft 40. The stepped part 70 is 
inserted into the tip end part of the flexible shaft 40 and fixedly attached to the flexible 
shaft 40 with the fourth single mode fiber 10 using an adhesive filler 71, 
[0049] 

By this structure, the adhesion length is sufficient for the stepped ferrule 60 and the 
fourth single mode fiber 10, and the adhered part between the flexible shaft 40 and the 
tie member 56 is provided within the range of the length of the stepped ferrule 60, thus 
shortening the length of the rigid part at the tip end part. 
[0050] 

The distance L between the rounded cap 66 and the end cap 65 is spared as margin for 
thermal expansion or shrinkage of the nylon tube 64 and optical sheath 38 and for 
relative movement of the flexible shaft 40 and the optical sheath 38 due to bending, and 
is usually required to be approx. 8 mm, which may vary depending on the material of 
the optical sheath 38. 
[0051] 
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Fig, 5 (A) shows yet another structure. Index matching water 77 with the refractive 
index substantially same as that of the nylon tube 64 forming (the optical window of) 
the optical sheath 38 is filled in the internal opening 76 between the optical sheath 38 
and the lens unit 39. 

The rounded cap 66 attached on the tip end side of the lens frame 54 is provided with 
openings 66a and 66b for permeating the observation beam 62 and for feeding index 
matching water 77. 
[0052] 

Since the reflection surface 148 of the prism 51 comes into direct contact with the index 
matching water 77, the refiractive index of the prism material and the matching water 
77 is similar, and total reflection does not occur. Therefore, the reflection surface 51a 
is provided with a reflection coating layer such as aluminum coating and dielectric 
multi-layer coating for causing total reflection. 
[0053] 

In Fig. 5 (A), the stepped ferrule 60 of Fig. 4 (B) is replaced by a stainless steel pipe 78. 
A fiber core 79 and jacket 80 constituting the fourth single mode fiber 10 are inserted 
through the internal opening of the stainless steel pipe, and the jacket 80 is adhered at 
the joint unit 84. The tip end of the stainless steel pipe 78 is ground to be flat or 
spherical, 
[0054] 

Glass material 81 is filled between the lens unit 39 and the stainless steel pipe 78. 
The tie member 56 is provided with a ventilation hole 84 for draining air during 
insertion of the lens unit into the vicinity of the glass material 81 and the joint unit 82. 
[0055] 

Reflection of the inner surface of the optical sheath 38 is attenuated by filling the index 
matching water 77 in the internal opening 76 between the optical sheath 38 and the 
lens unit 39, thus preventing ghost caused by multiple reflection with reflection 
similarly occurred outside the optical sheath 38. 
[0056] 

Since reflection on the inner surface of the optical sheath 38 is attenuated, even when 
the inner surface of the optical sheath 38 is damaged, influence of irregular reflection 
due to the damage may be minimized. 
[0057] 

Fig. 6 (A) shows the structure made by adding a resin cap 85 to the structure of Fig. 4 
(A). 

The resin cap 85 is monoHthically formed with the lens firame 54 and the prism 51, and 
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is provided with an opening 85a in the outgoing direction of the observation beam 62 of 
the prism 51 as shown in the cross-sectional view of Fig. 6 (B) taken from the hne A-A* 
of Fig. 6(A). 

Since the resin cap 85 is provided with a round part similar to that of the rounded cap 
66, it has the same effect of no damage to the sheath inner surface as in Fig. 4 (B) and 
Fig. 5 (A). 
[0058] 

Fig. 7 (A) shows another method for preventing damage to the sheath. Based on the 
structure shown in Fig. 4 (A), the end unit 56a of the joint with the lens frame 54, 
which may probably damage the sheath inner surface, is disposed away from the light 
emission/receiving unit. 
[0059] 

The periphery of the lens frame 54 is tapered at the tip end side with smaller diameter 
than the rear end side, and is provided with the prism 51 or the like at the tip end side. 
Even when the lens unit 39 moves relative to the optical sheath 38, and even if a 
damage is caused on the tip end 56a of the tie member 56, the light emission/receiving 
unit does not reach the damaged position, thus having no influence on light 
communication. 
[0060] 

Fig. 7 (B) shows yet another method. The sheath 38 in the structure of Fig. 4 (A) 
comprises a transparent sheath 74 having an abutment 74a facing the front end 56a of 
the tie member 56 with clearance, and a sheath 75 on the base side having an 
abutment 75b facing the rear end 56b of the tie member 56 with clearance. 
[0061] 

While the tie member 56 is freely rotatable in the Fig. 4 (A) sti'iicture, it is restricted by 
the abutments 74a and 75b in this structure, damage on the sheath interior caused by 
the front end 56a of the tie member 56 and the corner 54a of the lens frame 54 does not 
appear on the optical emission/receiving unit. 
[0062] 

Fig. 8 shows the structure of the connector 9 in detail. 

The optical sheath 38 is detachably mounted on the mouthpi(.,'ce 87 having a conical 
projection provided on the front face of the sheath stopper 86. The sheath stopper 86 
is provided with a bending stopper 88, which is adapted to cover the rear (or base) end 
of the optical sheath 38. 
[0063] 

The flexible shaft 40 projecting from the rear end of the optical sheath 38 is attached to 
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the connector stopper 90. The connector stopper 90 is joined :o the optical connector 

91 with a joint part 92. 

[0064] 

The connector stopper 90 is rotatably held by the bearing stand 94 via the bearing 93. 
The bearing stand 94 is attached to the rotation drive unit 13 by the case 95 and the 
securing ring 69. 
[0065] 

The rear end surface of the sheath stopper 86 is pressed against the front end sxirface of 
the bearing stand 94, and the sheath stopper 86 is detachably fixed to the case 95 with 
the set screw 89. 

In this construction, a projection for stopping rotation 86a pro\ ided on the end surface 
of the sheath stopper 86 is fitted within the recess provided on the end surface of the 
bearing stand 94 so that the sheath stopper 86 does not unnecessarily rotate. 
[0066] 

In addition, the optical connector 91 is equipped with a ferrule 97 for connecting the 
fourth single mode fiber 10 with the rotation drive unit 13 and a detent 98 for 
determining the connection orientation of the optical connector 91, 

Rotation of the optical connector 91 rotates the connector stopper 90 and transmits the 
rotation to the flexible shaft 40. The connector stopper 90, the flexible shaft 40, and 
the single mode fiber 10 are joined by a water-tight joint 99 to maintain proper water- 
tightness. 
[0067] 

An O-ring 100 is provided as a water-tight seal between the cc-nnector stopper 90 and 
the bearing stand 94. Another O-ring 101 serving as a water-tight seal is also 
provided between the sheath stopper 86 and the bearing stand 94. 

These water-tight seals prevent leakage of index matching water firom space between 
the optical sheath 38 and the flexible shaft 40 and properly inject the index matching 
water via the inlet 102 provided on the bearing stand 94. 
[0068] 

Water entering through the flexible shaft 40 does not leak out. The inlet is usually 
closed with an inlet cover 103. 

An O-ring is also provided between the bearing stand 94 and the case 95 for 

maintaining proper water-tightness. 

[0069] 

Since in accordance with this embodiment, the base end of the optical sheath 38 is 
detachably connected to the mouthpiece 87 of th6 sheath stopper 86 as shown in Fig. 8, 
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in case of any damage to the inner surface of the optical sheath 38, the optical sheath 
38 is separated from the mouthpiece 87 to be replaced with a new optical sheath, while 
other components are uninterruptedly operated to obtain OCT images, 
[0070] 

(Second Embodiment) 

By referring to Fig. 9, the second embodiment in accordance with the present invention 
is described below. The object of this embodiment is to make the sheath replaceable 
and enable observation even when the inner surface of the outer sheath is damaged. 
Only the hght permeable part at the tip end of the sheath is made replaceable for cost 
reduction. 
[0071] 

The rigid coating is appHed to the contact part between the optical element retainer 

and the sheath inner surface so as to prevent damage due to contact. 

The irradiation and observation Hght permeable unit of the sheath inner surface is 

provided with reflection prevention coating to attenuate reflection on the sheath inner 

surface and to prevent ghost. 

[0072] 

The optical probe 8 shown" in Fig. 9 differs from that of the first embodiment in Fig. 4 
(B) in that the optical probe 8 in Fig. 9 has the optical sheath 38 connecting the non- 
permeable (or either of permeable or non-permeable) resin tube 110 and the permeable 
tube 64 via the connecting tube 111. 
[0073] 

The connecting tube 111 and the tube 110 are fitted, for example, and joined by the 
joint 112. A mouthpiece 113 having a conical projection of the connecting tube 111 is 
inserted in and connected to the rear end of the tube 64. 
[0074] 

Rigid coating 114 is provided at portions where the lens unit 39 and the prism 51 may 
come into contact with the tube 54 inside the tube 64, attaining a structure resistance 
to damage due to contact. Suitable materials for the rigid coating 114 for resin include 
thin-film ceramics such as titanium nitride. A thin glass tube instead of coating may 
be used for sealing. 

If the sheath inner surface is damaged, the sheath 64 is torn and discarded as the 
sheath 64 and the connecting tube 111 are not adhered, and a new sheath 64 is 
mounted to the mouthpiece 113 of the connecting tube 111, thus attaining easy 
replacement. 
[0075] 
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The reflection prevention coating comprising dielectric multi layers or the like may 
replace the rigid coating 114 or may be added to the rigid coating 114, thus attenuating 
the reflection due to refractive index difference between air in the tube 64 and the tube 
64, and thus obtaining the same effect as by the index matching water in Fig. 5 (A) in 
accordance with the first embodiment. 
[0076] 

Furthermore, ghost due to multiple reflection with reflection on optical elements on the 
inner surface and the inside may be prevented by providing a reflection prevention 
coating outside the irradiation and observation light permeable part of the sheath 64, 
the reflection prevention coating constituting dielectric multi layers or the like 
corresponding to the medium such as air, sharp water, and living tissue existing 
outside it, and by providing the reflection prevention coating constituting dielectric 
multi layers or the like of the tube 64 and medium outside the tube 64. 
[0077] 

The hereinbefore mentioned objects may be attained by this embodiment. 
[0078] 

Thus, even when the inner surface of the tube constituting the optical sheath 38 in 
accordance with the first embodiment is damaged, the tube 64 is made replaceable to 
enable uninterrupted observation. The light permeable part alone is made 
replaceable, not the entire sheath, thus attaining cost reduction. 
[0079] 

Damage due to contact is prevented by pi'oviding the rigid coating 114 at the contact 

part between the optical element retainer and the sheath inner surface. 

Furthermore, reflection on the sheath inner surface is attenuated by providing 

reflection prevention coating at the irradiation and observation light permeable part on 

the sheath inner surface, thus preventing ghost. 

[0080] 

(Third Embodiment) 

The third embodiment in accordance with the present invention is now described below. 
The object of this embodiment is to provide an optical imaging apparatus which 
automatically corrects difference in optical path length in case of replacement of the 
optical probe and positively obtains tomographic images. 
[0081] 

Fig. 10 shows the structure of the first optical path length changing means and the 
second optical path length changing means. 

These means correspond to other embodiments of the variable mechanism 14 for the 
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